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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® DOCUMENTS 
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS 


NFPA® codes, standards, recommended practices, and guides (“NFPA Documents”), of which the document 
contained herein is one, are developed through a consensus standards development process approved by the 
American National Standards Institute. This process brings together volunteers representing varied viewpoints and 
interests to achieve consensus on fire and other safety issues. While the NFPA administers the process and 
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or 
verify the accuracy of any information or the soundness of any judgments contained in NFPA Documents. 

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, 
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, 
or reliance on NFPA Documents. The NFPA also makes no guaranty or warranty as to the accuracy or completeness 
of any information published herein. 

In issuing and making NFPA Documents available, the NFPA is not undertaking to render professional or other 
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent judgment 
Or, as appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any 
given circumstances. 

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA 
Documents. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with 
this document. Any certification or other statement of compliance with the requirements of this document shall not 
be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement. 
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS 
ADDITIONAL NOTICES AND DISCLAIMERS 


Updating of NFPA Documents 


Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be aware that these documents may be 
superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of Tentative Interim Amendments. 
An official NFPA Document at any point in time consists of the current edition of the document together with any Tentative Interim Amendments 
and any Errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the 
issuance of Tentative Interim Amendments or corrected through the issuance of Errata, consult appropriate NFPA publications such as the National 
Fire Codes® Subscription Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed below. 


Interpretations of NFPA Documents 


A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing Committee Projects shall not be 
considered the official position of NFPA or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 


Patents 


The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in connection with an 
NFPA Document. The users of NFPA Documents bear the sole responsibility for determining the validity of any such patent rights, as well as the risk 
of infringement of such rights, and the NFPA disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA 
Documents. 

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in American National 
Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy: 


NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Document may require use of an invention covered by 
patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such patent rights constitute or include essential 
patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of willingness to 
grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of 
such filed statements can be obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below. 


Law and Regulations 


Users of NFPA Documents should consult applicable federal, state, and local laws and regulations. NFPA does not, by the publication of its 
codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with applicable laws, and these documents may 
not be construed as doing so. 


Copyrights 

NFPA Documents are copyrighted by the NFPA. They are made available for a wide variety of both public and private uses. These include both 
use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe practices and methods. By 
making these documents available for use and adoption by public authorities and private users, the NFPA does not waive any rights in copyright to 
these documents. 

Use of NFPA Documents for regulatory purposes should be accomplished through adoption by reference. The term “adoption by reference” 
means the citing of title, edition, and publishing information only. Any deletions, additions, and changes desired by the adopting authority should be 
noted separately in the adopting instrument. In order to assist NFPA in following the uses made of its documents, adopting authorities are requested 
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning adoption of 
NFPA Documents, contact NFPA at the address below. 


For Further Information 

All questions or other communications relating to NFPA Documents and all requests for information on NFPA procedures governing its codes 
and standards development process, including information on the procedures for requesting Formal Interpretations, for proposing Tentative Interim 
Amendments, and for proposing revisions to NFPA documents during regular revision cycles, should be sent to NFPA headquarters, addressed to the 
attention of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: stds_admin@nfpa.org 


For more information about NFPA, visit the NFPA website at www.nfpa.org. 
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Installation of Sprinkler Systems 


2010 Edition 


This edition of NFPA 13, Standard for the Installation of Sprinkler Systems, was prepared by the 
Technical Committee on Hanging and Bracing of Water-Based Fire Protection Systems, Pri- 
vate Water Supply Piping Systems, Residential Sprinkler Systems, Sprinkler System Discharge 
Criteria, and Sprinkler System Installation Criteria and released by the Technical Correlating 
Committee on Automatic Sprinkler Systems, and acted on by NFPA at its June Association 
Technical Meeting held June 8-11, 2009, in Chicago, IL. It was issued by the Standards Coun- 
cil on August 6, 2009, with an effective date of August 26, 2009, and supersedes all previous 
editions. 


This edition of NFPA 13 was approved as an American National Standard on August 26, 2009. 


Origin and Development of NFPA 13 


NFPA 13 represents the first standard published under the auspices of the NFPA Committee on 
Automatic Sprinklers. Originally titled Rules and Regulations of the National Board of Fire Underwriters 
for Sprinkler Equipments, Automatic and Open Systems, the standard has been continuously updated to 
keep in step with change. 

Full information about the NFPA actions on various changes will be found in the NFPA Pro- 
ceedings. The dates of successive editions are as follows: 1896, 1899, 1902, 1905, 1907, 1908, 1912, 
1913, 1915, 1916, 1917, 1919, 1920, 1921, 1922, 1923, 1924, 1925, 1926, 1927, 1928, 1929. In 1930, 
a separate standard was published on Class B systems. This was integrated into the 1931 edition. 
Further revisions were adopted in 1934, 1935, and 1936. A two-step revision was presented in the 
form of a progress report in 1939 and finally adopted in 1940. Further amendments were made in 
1947, 1950, 1953, 1956, 1958, 1960, 1961, 1963, 1964, 1965, 1966, 1968, 1969, 1971, 1972, 1973, 
1974, 1975, 1976, 1978, 1980, 1982, 1984, 1986, and 1989. 


The 1991 edition incorporated an entire rewrite of the standard to make the overall 
format user friendly. Substantive changes were made to numerous terms, definitions, and 
descriptions, with additional refinements made in 1994. 


The centennial (1996) edition included a significant rework of the requirements pertain- 
ing to the application, placement, location, spacing, and use of various types of sprinklers. 
Other changes provided information on extended coverage sprinklers and recognized the 
benefits of fast-response sprinkler technology. 


The 1999 edition encompassed a major reorganization of NFPA’s Sprinkler Project that 
included the establishment of a Technical Correlating Committee on Automatic Sprinkler 
Systems and four new sprinkler systems technical committees, the consolidation of NFPA's 
sprinkler system design and installation requirements, and the implementation of numerous 
technical changes. 


The scope of NFPA 13 was expanded to address all sprinkler system applications. The 1999 
edition contained information on the installation of underground pipe from NFPA 24 and 
sprinkler system discharge criteria for on-floor and rack storage of Class I, II, INI, IV, and 
plastic commodities, rubber tires, baled cotton, and roll paper that were previously located in 
NFPA 231, 231C, 231D, 231E, and 231F. Additionally, sprinkler system information for special- 
ized hazards from over 40 NFPA documents was either copied into NFPA 13 using NFPA's 
extract policy or specifically referenced. A new chapter was also added to address the struc- 
tural aspects of exposed and buried system piping. A table of cross-references to previous 
editions and material that was located in other NFPA documents was included at the end of 
the 1999 edition. 


More specific changes included a new sprinkler identification marking system and the 
designation of sprinkler sizes by nominal K-factors. New criteria for the use of steel pipe in 
underground applications was added, as well as a new provision to guard against microbio- 
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logically influenced corrosion. Obstruction rules for specific sprinkler types and rules for locating sprinklers in con- 
cealed spaces were revised. New limitations were placed on the sprinkler sizes in storage applications, and criteria for 
the K-25 sprinkler was added. Additionally, the requirements for protecting sprinklers against seismic events also 
underwent significant revision. 


The 2002 edition of NFPA 13 underwent style formatting and technical revisions. The style formatting was com- 
pleted to comply with the Manual of Style for NFPA Technical Committee Documents and to reorganize many of the require- 
ments in NFPA 13 into unique chapters. Editorially, NFPA 13 eliminated all of the exceptions and reworded them as 
requirements where applicable, moved the mandatory references to Chapter 2, and relocated all of the definitions to 
Chapter 3. In reorganizing NFPA 13, several new chapters were created to consolidate requirements including the 
following: Chapter 10 contained all of the applicable requirements for underground piping including materials, 
installation, and acceptance testing; Chapter 11 contained design approaches including pipe schedule, density/area 
method, room design method, special design areas, residential sprinklers, exposure protection, and water curtains; 
Chapter 12 contained the design approaches for the protection of storage, including idle pallets, miscellaneous 
storage, storage less than 12 ft, palletized, solid pile, bin box, and shelf storage, rack storage less than 25 ft, rack storage 
greater than 25 ft, rubber tire, baled cotton, rolled paper, and special storage designs; Chapter 13 contained all of the 
design and installation requirements from all of the various documents that have been extracted into NFPA 13. 


The 2002 edition made specific technical changes to address several key issues. Three major areas of irregular ceiling 
were addressed, including skylights, stepped ceilings, and ceiling pockets. The design requirements for ESFR sprinklers 
were expanded to allow the user to choose the storage height and then the building height for any allowable arrangement. 
Design requirements for the protection of storage on solid shelves were added. Requirements for the installation of residen- 
tial sprinklers were added that parallel the requirements for other types of sprinklers. 


For the 2007 edition, definitions were reorganized to locate all of the storage definitions in one area, and several 
new definitions addressing private water supply terms were added. The definitions and requirements of Ordinary 
Hazard Group | and 2 Occupancies were clarified where storage is present. The requirements for trapeze hangers 
were clarified and made consistent for all components, and the seismic bracing criteria were updated to ensure that 
NFPA 13 contains all of the appropriate requirements for installation and design of seismic bracing of fire sprinkler 
systems. The requirements for storage were further reorganized and divided into separate chapters addressing general 
requirements for storage; miscellaneous storage; protection of Class I to Class IV commodities that are stored pallet- 
ized, solid piled, bin boxes, or self storage; protection of plastic and rubber commodities that are stored palletized, 
solid piled, bin boxes, or shelf storage; protection of Class I through Class IV commodities that are stored on racks; 
protection of plastic and rubber commodities that are stored on racks; protection of rubber tire storage; protection of 
roll paper; and special designs of storage protection. 


Prior editions of this document have been translated into languages other than English, including French and Spanish. 


For the 2010 edition many of the major changes relate to the requirements for storage protection. First is the 
combining of large drop sprinkler and the specific application control mode sprinkler requirements and revising the 
terminology to now identify them as Control Mode Specific Application sprinklers (CMSA). Next, new criteria for use 
of smoke vents have been added to Chapter 12. The density/area curves in the storage chapters have been reduced to 
a maximum 8000 ft? operating area; this is a significant reduction of some curves that had extended up to 6000 ft”. 
Changes to rack storage in this edition include a new method to calculate the rack shelf area. Finally, the provisions for 
back to back shelf storage have been added to the storage chapters. 


Criteria for the protection of three new special storage arrangements have been added to Chapter 20. These 
include protection of carton records storage with catwalk access; compact shelving of commodities consisting of paper 
files, magazines, books, and similar documents in folders and miscellaneous supplies with no more than 5 percent 
plastics up to 8 ft high; and protection of high bay record storage. 


In Chapter 9, a number of changes occurred regarding sway bracing of sprinkler systems including the introduction 
of new zone of influence tables for Schedule 5 steel pipe, CPVC, and Type M copper tube. Also the means for 
calculating the loads in the zone of influence have been modified to correlate with SEI/ASCE-7 and a new Annex E 
describes this calculation. 


Other areas of change include requirements for listed expansion chambers; clarification of ceiling pocket rules; 
and clarification of the formulas used in calculating large antifreeze systems. 
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COMMITTEE PERSONNEL 13-3 


Technical Correlating Committee on Automatic Sprinkler Systems (AUT-ACC) 


Edward K. Budnick, Chair 
Hughes Associates, Inc., MD [SE] 


James D. Lake, Administrative Secretary 
National Fire Protection Association, MA 


Jose R. Baz, JRB Associates Group Inc., FL [M] Charles W. Ketner, National Automatic Sprinkler Fitters 
Rep. NFPA Latin American Section LU 669, MD [L] 

Kerry M. Bell, Underwriters Laboratories Inc., IL [RT] Rep. United Assn. of Journeymen & Apprentices of the 

Russell P. Fleming, National Fire Sprinkler Association, Plumbing & Pipe Fitting Industry 

Inc., NY [M] Andrew Kim, National Research Council of Canada, 

Scott T. Franson, The Viking Corporation, MI [M] Saree . A Pre and eT MAT 

Michael J. Friedman, Friedman Consulting, Inc., ussell B. Leavitt, TVA Fire and Life Safety, Inc., AZ [U] 


Rep. Trinity Health 
John G. O'Neill, The Protection Engineering Group, PC, 
VA [SE] 
Chester W. Schirmer, Schirmer Engineering 
Corporation, NC [I] 


MD [SE] 

Raymond A. Grill, Arup Fire, DC [SE] 

Luke Hilton, Liberty Mutual Property, NC [I] 

Alex Hoffman, Viking Fire Protection Inc., Canada [IM] 


Rep. Canadian Automatic Sprinkler Association J. William Sheppard, General Motors Corporation, MI [U] 
Roland J. Huggins, American Fire Sprinkler Association, Robert D. Spaulding, FM Global, MA [I] 
Inc., TX [IM] Douglas Paul Stultz, U.S. Department of the Navy, VA [E] 
Sultan M. Javeri, SC Engineering, France [IM] Lynn K. Underwood, Axis US Property, IL [I] 
Alternates 
Donald D. Becker, RJC & Associates, Inc., MO [IM] Ernest (Russ) Mower, TVA Fire and Life Safety, Inc., 
(Alt. to R. J. Huggins) TX [U] 
Thomas C. Brown, The RJA Group, Inc., MD [SE] (Alt. to R. B. Leavitt) 
(Alt. to R. A. Grill) Garner A. Palenske, Schirmer Engineering Corporation, 
David B. Fuller, FM Global, MA [I] CA [I] 
(Alt. to R. D. Spaulding) (Alt. to C. W. Schirmer) 
Kenneth E. Isman, National Fire Sprinkler Association, Donato A. Pirro, Electro Sistemas De Panama, S.A., 
Inc., NY [M] Panama [M] 
(Alt. to R. P. Fleming) (Alt. to J. R. Baz) 
George E. Laverick, Underwriters Laboratories Inc., J. Michael Thompson, The Protection Engineering 
IL [RT] Group, PC, VA [SE] 
(Alt. to K. M. Bell) (Alt. to J. G. O'Neill) 
Nonvoting 
James B. Biggins, Marsh Risk Consulting, IL [I] Joe W. Noble, Noble Consulting Services, LLC, NV [E] 
Rep. TC on Private Water Supply Piping Systems Rep. TC on Sprinkler System Installation Criteria 
Antonio C. M. Braga, FM Global, CA [I] Maurice M. Pilette, Mechanical Designs Ltd., MA [SE] 
Rep. TC on Hanging & Bracing of Water-Based Systems Rep. TC on Residential Sprinkler Systems 
Robert M. Gagnon, Gagnon Engineering, MD [SE] John J. Walsh, UA Joint Apprenticeship Committee, 
Rep. TC on Foam-Water Sprinklers MD [SE] 


William E. Koffel, Koffel Associates, Inc., MD [SE] 
Rep. Safety to Life Correlating Committee 
Kenneth W. Linder, Swiss Re, CT [I] 
Rep. TC on Sprinkler System Discharge Criteria 


(Member Emeritus) 


James D. Lake, NFPA Staff Liaison 


This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time, 
changes in the membership may have occurred. A key to classifications is found at the back of the document. 


NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or 
any document developed by the committee on which the member serves. 


Committee Scope: This Committee shall have overall responsibility for documents that pertain to the criteria 
for the design and installation of automatic, open and foam-water sprinkler systems including the character 
and adequacy of water supplies, and the selection of sprinklers, piping, valves, and all materials and accesso- 
ries. This Committee does not cover the installation of tanks and towers, nor the installation, maintenance, 
and use of central station, proprietary, auxiliary, and local signaling systems for watchmen, fire alarm, super- 
visory service, nor the design of fire department hose connections. 
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Technical Committee on Hanging and Bracing of Water-Based Fire Protection Systems (AUT-HBS) 


Antonio C. M. Braga, Chair 
FM Global, CA [I] 


James D. Lake, Administrative Secretary 
National Fire Protection Association, MA 


James B. Biggins, Marsh Risk Consulting, IL [I] 
Richard W. Bonds, Ductile Iron Pipe Research 
Association, AL [M] 
Samuel S. Dannaway, S. S. Dannaway Associates, Inc., 
HI [SE] 
John Deutsch, City of Brea Fire Department, CA [E] 
Daniel C. Duggan, Fire Sprinkler Design, MO [M] 
Thomas J. Forsythe, Hughes Associates, Inc., CA [SE] 
John D. Gillengerten, State of California, CA [E] 
Rep. Building Seismic Safety Council/Code Resource 
Support Committee 
Jeffrey E. Harper, The RJA Group, Inc., CO [SE] 
Tina Marie King, XL Global Asset Protection Services, 
CA [I] 
Kraig Kirschner, AFCON, CA [M] 
Alan R. Laguna, Merit Sprinkler Company, Inc., LA [IM] 
George E. Laverick, Underwriters Laboratories Inc., 
IL [RT] 
Philip D. LeGrone, ICAT Managers, LLC, TN [I] 
Norman J. MacDonald, III, FlexHead Industries, Inc., 
MA [M] 
Wayne M. Martin, Wayne Martin & Associates Inc. 
(WMA), CA [SE] 
Gregory F. Masterson, Liberty Mutual Property, GA [I] 
Rep. Property Casualty Insurers Association of America 
David S. Mowrer, HSB Global Standards, TN [I] 


Robert E. Bachman, Robert E. Bachman, Consulting 
Structural Engineer, CA [M] 
(Alt. to N. J. MacDonald, III) 
Charles W. Bamford, Bamford Inc., WA [IM] 
(Alt. to R. R. Nelson) 
Sheldon Dacus, Security Fire Protection Company, TN [M] 
(Alt. to V. B. Valentine) 
Christopher I. Deneff, FM Global, RI [I] 
(Alt. to A. C. M. Braga) 
Todd A. Dillon, XL Global Asset Protection Services, 
OH [I] 
(Alt. to T. M. King) 
Matthew W. Donahue, The RJA Group, Inc., CA [SE] 
(Alt. to J. E. Harper) 
Charles W. Ketner, National Automatic Sprinkler Fitters 
LU 669, MD [L] 
(Alt. to M. A. Rothmier) 


James D. Lake, NFPA Staff Liaison 


Randy R. Nelson, VFS Fire and Security Services, 
CA [IM] 
Rep. American Fire Sprinkler Association 
Janak B. Patel, Bechtel Savannah River Company, 
GA [U] 
Mike Posey, Tyco/SimplexGrinnell, CO [M] 
Rep. National Fire Sprinkler Association 
Michael A. Rothmier, UA Joint Apprenticeship 
Committee, CO [L] 
Rep. United Assn. of Journeymen & Apprentices of the 
Plumbing & Pipe Fitting Industry 
Peter T. Schwab, Wayne Automatic Fire Sprinklers, Inc., 
FL [IM] 
Zeljko Sucevic, Vipond Fire Protection, Canada [IM] 
Rep. Canadian Automatic Sprinkler Association 
James Tauby, Mason Industries, Inc., NY [M] 
Jack W. Thacker, Allan Automatic Sprinkler Corp. of So. 
California, CA [IM] 
Rep. National Fire Sprinkler Association 
Glenn E. Thompson, Liberty Mutual Property, CA [I] 
Rep. Property Casualty Insurers Association of America 
Victoria B. Valentine, National Fire Sprinkler Association, 
Inc., NY [M] 
Rep. National Fire Sprinkler Association 
Thomas G. Wellen, American Fire Sprinkler Association, 
Inc., TX [M] 


Michael J. Madden, Hughes Associates, Inc., CA [SE] 
(Alt. to T. J. Forsythe) 
Emil W. Misichko, Underwriters Laboratories Inc., 
IL [RT] 
(Alt. to G. E. Laverick) 
Glenn E. Thompson, Liberty Mutual Property, CA [I] 
(Alt. to G. F. Masterson) 
George Von Gnatensky, Tolco, CA [M] 
(Alt. to M. Posey) 
Kenneth W. Wagoner, Parsley Consulting Engineers, 
CA [M] 
(Alt. to T. G. Wellen) 
Ronald N. Webb, S.A. Comunale Company, Inc., OH [IM] 
(Alt. to J. W. Thacker) 


This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time, 
changes in the membership may have occurred. A key to classifications is found at the back of the document. 


NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or 
any document developed by the committee on which the member serves. 


Committee Scope: This Committee shall have the primary responsibility for those portions of NFPA 13 that 
pertain to the criteria for the use and installation of components and devices used for the support of 
water-based fire protection system piping including protection against seismic events. 
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Technical Committee on Private Water Supply Piping Systems (AUT-PRI) 


James B. Biggins, Chair 
Marsh Risk Consulting, IL [I] 


James D. Lake, Administrative Secretary 
National Fire Protection Association, MA 


Richard W. Bonds, Ductile Iron Pipe Research 
Association, AL [M] 
Phillip A. Brown, American Fire Sprinkler Association, 
Inc., TX [IM] 
Stephen A. Clark, Jr., Allianz Risk Consultants, LLC, 
GA [I] 
Byron E. Ellis, Entergy Corporation, LA [U] 
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Brandon W. Frakes, XL Global Asset Protection Services, 
NC [I] 
David B. Fuller, FM Global, MA [I] 
Robert M. Gagnon, Gagnon Engineering, MD [SE] 
Charles F. Hill, Ryan Fire Protection, Inc., IN [IM] 

Rep. National Fire Sprinkler Association 
Luke Hilton, Liberty Mutual Property, NC [I] 
Jeffrey M. Hugo, National Fire Sprinkler Association, 
Inc., MI [M] 
Gerald Kelliher, Washington Savannah River Company, 
SC [U] 
Alan R. Laguna, Merit Sprinkler Company, Inc., LA [IM] 


Mark A. Bowman, XL Global Asset Protection Services, 
OH [I] 
(Alt. to B. W. Frakes) 
James A. Charrette, Allan Automatic Sprinkler Corp. of 
So. California, CA [IM] 
(Alt. to C. F. Hill) 
James K. Clancy, The RJA Group, Inc., CA [SE] 
(Alt. to J. W. Simms) 
Tanya M. Gilbreath, Liberty Mutual Property, MA [I] 
(Alt. to L. Hilton) 
Cliff Hartford, Tyco Fire & Building Products, NY [M] 
(Alt. to K. D. Maughan) 


Geoffrey N. Perkins, Bassett Consulting Engineers, 
Australia [SE] 


James D. Lake, NFPA Staff Liaison 


Alternates 


Nonvoting 


John Lake, City of Gainesville, FL [E] 
George E. Laverick, Underwriters Laboratories Inc., 
IL [RT] 
James M. Maddry, James M. Maddry, P.E., GA [SE] 
Kevin D. Maughan, Tyco Fire Suppression & Building 
Products, RI [M] 
David S. Mowrer, HSB Global Standards, LLC, TN [I] 
Darrin A. Parsons, Road Sprinkler Fitters Local Union 669, 
MD [L] 
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IL [SE] 
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Lawrence Thibodeau, Hampshire Fire Protection 
Company Inc., NH [IM] 
(Alt. to P. A. Brown) 


This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time, 
changes in the membership may have occurred. A key to classifications is found at the back of the document. 


NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or 
any document developed by the committee on which the member serves. 


Committee Scope: This Committee shall have the primary responsibility for documents on private piping 
systems supplying water for fire protection and for hydrants, hose houses, and valves. The Committee is also 
responsible for documents on fire flow testing and marking of hydrants. 
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Rep. National Fire Sprinkler Association 
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Fire Marshal, MA [E] 
Mark Hopkins, Hughes Associates, Inc., MD [SE] 
Kenneth E. Isman, National Fire Sprinkler Association, 
Inc., NY [M] 
Gary L. Johnson, Lubrizol, VA [M] 
Rep. Committee for Firesafe Dwellings 
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IMPORTANT NOTE: This NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and may be found under the heading “Important Notices and Dis- 
claimers Concerning NFPA Documents.” They can also be obtained 
on request from NFPA or viewed at www.nfpa.org/disclaimers. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material 
on the paragraph can be found in Annex A. 

Changes other than editorial are indicated by a vertical rule 
beside the paragraph, table, or figure in which the change oc- 
curred. These rules are included as an aid to the user in identify- 
ing changes from the previous edition. Where one or more com- 
plete paragraphs have been deleted, the deletion is indicated by 
a bullet (°) between the paragraphs that remain. 

Areference in brackets [ ] following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. As an aid to the user, the complete title and edition 
of the source documents for extracts in mandatory sections of 
the document are given in Chapter 2 and those for extracts in 
informational sections are given in Annex F. Extracted text 
may be edited for consistency and style and may include the 
revision of internal paragraph references and other refer- 
ences as appropriate. Requests for interpretations or revisions 
of extracted text shall be sent to the technical committee re- 
sponsible for the source document. 

Information on referenced publications can be found in 
Chapter 2 and Annex F. 


Chapter 1 Administration 


1.1# Scope. 


1.1.1 This standard shall provide the minimum reguirements 
for the design and installation of automatic fire sprinkler sys- 
tems and exposure protection sprinkler systems covered 
within this standard. 


1.1.2 This standard is written with the assumption that the 
sprinkler system shall be designed to protect against a single 
fire originating within the building. 


1.2“ Purpose. 


1.2.1 The purpose of this standard shall be to provide a reason- 
able degree of protection for life and property from fire through 
standardization of design, installation, and testing reguirements 
for sprinkler systems, including private fire service mains, based 
on sound engineering principles, test data, and field experience. 


1.2.2 Sprinkler systems and private fire service mains are spe- 
cialized fire protection systems and shall reguire knowledge- 
able and experienced design and installation. 


1.3 Application. 
1.3.1 This standard shall apply to the following: 


(1) Character and adequacy of water supplies 

(2) Selection of sprinklers 

(3) Fittings 

(4) Piping 

(5) Valves 

(6) All materials and accessories, including the installation of 
private fire service mains 


1.3.2 This standard shall also apply to “combined service 
mains” used to carry water for both fire service and other uses 
as well as to mains for fire service use only. 


1.4 Retroactivity. The provisions of this standard reflect a con- 
sensus of what is necessary to provide an acceptable degree of 
protection from the hazards addressed in this standard at the 
time the standard was issued. 


1.4.1 Unless otherwise specified, the provisions of this stan- 
dard shall not apply to facilities, equipment, structures, or in- 
stallations that existed or were approved for construction or 
installation prior to the effective date of the standard. Where 
specified, the provisions of this standard shall be retroactive. 


1.4.2 In those cases where the authority having jurisdiction 
determines that the existing situation presents an unaccept- 
able degree of risk, the authority having jurisdiction shall be 
permitted to apply retroactively any portions of this standard 
deemed appropriate. 


1.4.3 The retroactive requirements of this standard shall be 
permitted to be modified if their application clearly would be 
impractical in the judgment of the authority having jurisdic- 
tion, and only where it is clearly evident that a reasonable 
degree of safety is provided. 


1.5 Equivalency. Nothing in this standard is intended to pre- 
vent the use of systems, methods, or devices of equivalent or 
superior quality, strength, fire resistance, effectiveness, dura- 
bility, and safety over those prescribed by this standard. 


1.5.1 Technical documentation shall be submitted to the au- 
thority having jurisdiction to demonstrate equivalency. 


1.5.2 The system, method, or device shall be approved for the 
intended purpose by the authority having jurisdiction. 


1.6 New Technology. 


1.6.1 Nothing in this standard shall be intended to restrict 
new technologies or alternate arrangements, provided the 
level of safety prescribed by this standard is not lowered. 


1.6.2 Materials or devices not specifically designated by this 
standard shall be utilized in complete accord with all condi- 
tions, requirements, and limitations of their listings. 


1.7 Units and Symbols. 
1.7.1 Units. 


1.7.1.1 Metric units of measurement in this standard shall be 
in accordance with the modernized metric system known as 
the International System of Units (SI). 


1.7.1.2 Two units (liter and bar), outside of but recognized by 
SI, are commonly used in international fire protection. 


1.7.1.3 These units with conversion factors shall be used as 
listed in Table 1.7.1.3. 


1.7.1.4 Ifa value for measurement as given in this standard is 
followed by an equivalent value in other units, the first stated 
shall be regarded as the requirement. 
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Table 1.7.1.3 Conversion Factors 


Name of Unit Unit Symbol Conversion Factor 
liter L 1 gal = 3.785 L 
millimeter per mm/min 1 gpm/ft? = 

minute 40.746 mm/min = 
40.746 (L/min) /m? 
cubic decimeter dm 1 gal = 3.785 dm” 
pascal Pa 1 psi = 6894.757 Pa 
bar bar 1 psi = 0.0689 bar 
bar bar 1 bar = 10° Pa 


Note: For additional conversions and information, see ASTM SI 10, 
Standard for Use of the International System of Units (SI): The Modern Metric 
System. 


1.7.2 Hydraulic Symbols. The standard abbreviations in 
Table 1.7.2 shall be used on the hydraulic calculation form 
discussed in Chapter 22. 


Table 1.7.2 Hydraulic Symbols 


Symbol or 
Abbreviation Item 

p Pressure in psi 

gpm U.S. gallons per minute 

g Flow increment in gpm to be added at a 
specific location 

Q Summation of flow in gpm at a specific 
location 

F, Total pressure in psi at a point in a pipe 

P, Pressure loss due to friction between 


points indicated in location column 

E, Pressure due to elevation difference 
between indicated points. This can be 
a plus value or a minus value. If 
minus, the (—) shall be used; if plus, 
no sign need be indicated. 


Pa Velocity pressure in psi ata pointin a 
pipe 

ie, Normal pressure in psi at a point ina 
pipe 

E 90-degree ell 

EE 45-degree ell 

Lt.E Long-turn elbow 

Cr Cross 

T Tee-flow turned 90 degrees 

GV Gate valve 

BV Butterfly (wafer) check valve 

Del V Deluge valve 

ALV Alarm valve 

DPV Dry pipe valve 

CV Swing check valve 

WCV Butterfly (wafer) check valve 

St Strainer 

psi Pounds per square inch 

uv Velocity of water in pipe in feet per 
second 
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Chapter 2 Referenced Publications 


2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be con- 
sidered part of the requirements of this document. 


2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, Quincy, MA 02169-7471. 


NFPA 11, Standard for Low-, Medium-, and High-Expansion 
Foam, 2005 edition. 

NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems, 2007 edition. 

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec- 
tion, 2007 edition. 

NFPA 20, Standard for the Installation of Stationary Pumps for 
Fire Protection, 2010 edition. 

NFPA 22, Standard for Water Tanks for Private Fire Protection, 
2008 edition. 

NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances, 2010 edition. 

NFPA 25, Standard for the Inspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 2008 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 2008 edi- 
tion. 
NFPA 30B, Code for the Manufacture and Storage of Aerosol Prod- 
ucts, 2007 edition. 

NFPA 33, Standard for Spray Application Using Flammable or 
Combustible Materials, 2007 edition. 

NFPA 40, Standard for the Storage and Handling of Cellulose 
itrate Film, 2007 edition. 

NFPA 51B, Standard for Fire Prevention During Welding, Cut- 
ting, and Other Hot Work, 2009 edition. 

NFPA 59, Utility LP-Gas Plant Code, 2008 edition. 

NFPA 59A, Standard for the Production, Storage, and Handling 
of Liquefied Natural Gas (LNG), 2009 edition. 

NEPA 70°, National Electrical Code®, 2008 edition. 

NEPA 72°, National Fire Alarm and Signaling Code, 2010 edition. 
NFPA 82, Standard on Incinerators and Waste and Linen Han- 
dling Systems and Equipment, 2009 edition. 

NFPA 96, Standard for Ventilation Control and Fire Protection of 
Commercial Cooking Operations, 2008 edition. 

NFPA 120, Standard for Fire Prevention and Control in Coal 
ines, 2004 edition. 

NFPA 170, Standard for Fire Safety and Emergency Symbols, 2009 
edition. 

NFPA 214, Standard on Water-Cooling Towers, 2005 edition. 
NFPA 251, Standard Methods of Tests of Fire Resistance of Build- 
ing Construction and Materials, 2006 edition. 

NFPA 259, Standard Test Method for Potential Heat of Building 
Materials, 2008 edition. 

NFPA 409, Standard on Aircraft Hangars, 2004 edition. 
NFPA 703, Standard for Fire Retardant—Treated Wood and Fire- 
Retardant Coatings for Building Materials, 2009 edition. 

NFPA 780, Standard for the Installation of Lightning Protection 
Systems, 2008 edition. 

NFPA 1963, Standard for Fire Hose Connections, 2009 edition. 
NFPA 5000°, Building Construction and Safety Code®, 2009 edi- 


tion. 


2.3 Other Publications. 


N 


= 


M 
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2.3.1 ASCE Publications. American Society of Civil Engi- 
neers, 1801 Alexander Bell Drive, Reston, VA 20191-4400. 


ASCE 7-05, Minimum Design Loads for Buildings and Other 
Structures, 2005. 
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2.3.2 ASME Publications. American Society of Mechanical 
Engineers, Three Park Avenue, New York, NY 10016-5990. 


ASME BPVC-IX, BPVC Section IX — Welding and Brazing 
Qualifications, 2004. 


ASME A17.1, Safety Code for Elevators and Escalators, 2000. 
ASME B1.20.1, Pipe Threads, General Purpose (Inch), 2001. 


ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings, 
Classes 25, 125, and 250, 1998. 


ASME B16.3, Malleable Iron Threaded Fittings, Classes 150 and 
300, 1998. 


ASME B16.4, Cast Iron Threaded Fittings, Classes 125 and 250, 
1998. 


ASME B16.5, Pipe Flanges and Flanged Fittings, 1996. 


ASME B16.9, Factory-Made Wrought Steel Buttwelding Fittings, 
2001. 


ASME B16.11, Forged Steel Fittings, Socket-Welding and 
Threaded, 1996. 


ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings, 
1994. 


ASME B16.22, Wrought Copper and Copper Alloy Solder Joint 
Pressure Fittings, 1995. 


ASME B16.25, Buttwelding Ends, 1997. 
ANSI/ASME B31.1, Code for Power Piping, 2001. 


ANSI/ASME B36.10M, Welded and Seamless Wrought Steel 
Pipe, 2000. 


2.3.3 ASTM Publications. ASTM International, 100 Barr 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428- 
2959. 


ANSI/ASTM A 53, Standard Specification for Pipe, Steel, Black 
and Hot-Dipped, Zinc-Coated, Welded and Seamless, 2001. 


ASTM A 106, Standard Specification for Seamless Carbon Steel 
Pipe for High Temperature Service, 2008. 


ASTM A 135, Standard Specification for Electric-Resistance- 
Welded Steel Pipe, 2001. 


ASTM A 153A/153M, Standard Specification for Zinc Coating 
(Hot Dip) on Iron and Steel Hardware, 2004. 


ASTM A 234, Standard Specification for Piping Fittings of 
Wrought-Carbon Steel and Alloy Steel for Moderate and High Tem- 
perature Service, 2001. 


ASTM A 795, Standard Specification for Black and Hot-Dipped 
Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe for Fire Pro- 
tection Use, 2000. 


ASTM B 32, Standard Specification for Solder Metal, 2000. 
ASTM B 75, Standard Specification for Seamless Copper Tube, 1999. 


ASTM B 88, Standard Specification for Seamless Copper Water 
Tube, 1999. 


ASTM B 251, Standard Specification for General Requirements 
for Wrought Seamless Copper and Copper-Alloy Tube, 1997. 


ASTM B 446, Standard Specification for Nickel-Chromium- 
Molybdenum-Columbium Alloy (UNSN 06625) and Nickel- 
Chromium-Molybdenum-Silicon Alloy (UNSN 06219) Rod and Bar, 
2000. 


ASTM B 813, Standard Specification for Liquid and Paste Fluxes 
for Soldering Applications of Copper and Copper-Alloy Tube, 2000. 


ASTM B 828, Standard Practice for Making Capillary Joints by 
Soldering of Copper and Copper Alloy Tube and Fittings, 2000. 


ASTM C 635, Standard Specification for the Manufacture, Per- 
formance, and Testing of Metal Suspension Systems for Acoustical Tile 
and Lay-In Panel Ceilings, 2004. 


ASTM C 636, Standard Practice for Installation of Metal Ceiling 
Suspension Systems for Acoustical Tile and Lay-In Panels, 2004. 


ASTM E 84, Standard Test Method for Surface Burning Charac- 
teristics of Building Materials, 2004. 


ASTM E 119, Standard Test Methods for Fire Tests of Building 
Construction and Materials, 2000. 


ASTM E 136, Standard Test Method for Behavior of Materials in 
a Vertical Tube Furnace at 750°C, 1999. 


ASTM F 437, Standard Specification for Threaded Chlorinated Poly 
(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80, 1999. 


ASTM F 438, Standard Specification for Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40, 2001. 


ASTM F 439, Standard Specification for Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80, 2001. 


ASTM F 442, Standard Specification for Chlorinated Poly (Vinyl 
Chloride) (CPVC) Plastic Pipe (SDR-PR), 1999. 


ASTM F 1121, Standard Specification for International Shore 
Connections for Marine Fire Applications, 1998. 


ASTM SI 10, Standard for Use of the International System of 
Units (SI): The Modern Metric System, 1997. 


2.3.4 AWS Publications. American Welding Society, 550 N.W. 
LeJeune Road, Miami, FL 33126. 


AWS A5.8, Specification for Filler Metals for Brazing and Braze 
Welding, 1992. 


AWS B2.1, Specification for Welding Procedure and Performance 
Qualification, 2000. 


2.3.5 AWWA Publications. American Water Works Associa- 
tion, 6666 West Quincy Avenue, Denver, CO 80235. 


AWWA C104, Cement Mortar Lining for Ductile Iron Pipe and 
Fittings for Water, 1995. 


AWWA C105, Polyethylene Encasement for Ductile Iron Pipe Sys- 
tems, 1999. 


AWWA C110, Ductile Iron and Gray Iron Fittings, 3-in. Through 
48-in. (76 mm Through 1219 mm), for Water and Other Liquids, 1998. 


AWWA C111, Rubber Gasket Joints for Ductile Iron Pressure Pipe 
and Fittings, 2000. 


AWWA C115, Flanged Ductile Iron Pipe with Ductile Iron or Gray 
Iron Threaded Flanges, 1999. 


AWWA C 116, Protective Fusion-Bonded Epoxy Coatings Internal 
and External Surface Ductile-Iron/Gray-Iron Fittings, 2003. 


AWWA C150, Thickness Design of Ductile Iron Pipe, 1996. 

AWWA C151, Ductile Iron Pipe, Centrifugally Cast for Water, 1996. 
AWWA C153, Ductile-Iron Compact Fittings for Water Service, 2000. 
AWWA C200, Steel Water Pipe 6 in. (150 mm) and Larger, 1997. 
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AWWA C203, Coal-Tar Protective Coatings and Linings for Steel 
Water Pipelines Enamel and Tape — Hot Applied, 1997. 


AWWA C205, Cement-Mortar Protective Lining and Coating for 
Steel Water Pipe 4 in. (100 mm) and Larger — Shop Applied, 2000. 


AWWA C206, Field Welding of Steel Water Pipe, 1997. 


AWWA C207, Steel Pipe Flanges for Waterworks Service — Sizes 
Lin. Through 144 in. (100 mm Through 3,600 mm), 1994. 


AWWA C208, Dimensions for Fabricated Steel Water Pipe Fittings, 
1996. 


AWWA C300, Reinforced Concrete Pressure Pipe, Steel-Cylinder 
Type, for Water and Other Liquids, 1997. 


AWWA C301, Prestressed Concrete Pressure Pipe, Steel-Cylinder 
Type, for Water and Other Liquids, 1999. 


AWWA C302, Reinforced Concrete Pressure Pipe, Non-Cylinder 
Type, for Water and Other Liquids, 1995. 


AWWA C303, Reinforced Concrete Pressure Pipe, Steel-Cylinder 
Type, Pretensioned, for Water and Other Liquids, 1995. 


AWWA C400, Standard for Asbestos-Cement Distribution Pipe, 
4 in. Through 16 in. (100 mm Through 400 mm), for Water and 
Other Liquids, 1998. 


AWWA C401, Standard Practice for the Selection of Asbestos-Cement 
Water Pipe, 4 in. Through 16 in. (100 mm Through 400 mm), 1998. 


AWWA C600, Standard for the Installation of Ductile Iron Water 
Mains and Their Appurtenances, 1999. 


AWWA C602, Cement-Mortar Lining of Water Pipe Lines 4 in. 
(100 mm) and Larger — in Place, 2000. 


AWWA C603, Standard for the Installation of Asbestos-Cement 
Water Pipe, 1996. 


AWWA C900, Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 
12 in. (100 mm Through 300 mm), for Water and Other Liquids, 1997. 


AWWA C906, Polyethylene (PE) Pressure Pipe and Fittings, 4 in. 
(100 mm) Th. 63 in (1,575 mm), for Water Distribution and Trans- 
portation, 1999. 


AWWA M11, A Guide for Steel Pipe Design and Installation, 
3rd edition, 1989. 


2.3.6 IEEE Publications. Institute of Electrical and Electron- 
ics Engineers, Three Park Avenue, 17th Floor, New York, NY 
10016-5997. 


IEEE 45, Recommended Practice for Electric Installations on Ship- 
board, 1998. 


2.3.7 UL Publications. Underwriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 


ANSI/UL 723, Standard for Surface Burning Characteristics of 
Building Materials, 2008. 


2.3.8 U.S. Government Publications. U.S. Government Print- 
ing Office, Washington, DC 20402. 


Title 46, CFR, Parts 54.15-10 Safety and Relief Valves, 
56.20 Valves, 56.20-5(a) Markings, 56.50-95 Overboard Dis- 
charges and Shore Connections, 56.60 Materials, and 
58.01-40 Machinery, Angle of Inclination. 


Title 46, CFR, Subchapter F, “Marine Engineering.” 
Title 46, CFR, Subchapter J, “Electrical Engineering.” 
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2.3.9 Other Publications. 


Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam- 
Webster, Inc., Springfield, MA, 2003. 


2.4 References for Extracts in Mandatory Sections. 


NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances, 2010 edition. 

NFPA 33, Standard for Spray Application Using Flammable or 
Combustible Materials, 2007 edition. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 2006 edition. 

NFPA 40, Standard for the Storage and Handling of Cellulose 
trate Film, 2007 edition. 

NFPA 45, Standard on Fire Protection for Laboratories Using 
Chemicals, 2004 edition. 

NFPA 51, Standard for the Design and Installation of Oxygen—Fuel 
Gas Systems for Welding, Cutting, and Allied Processes, 2007 edition. 
NFPA 55, Compressed Gases and Cryogenic Fluids Code, 2010 
edition. 

NFPA 59, Utility LP-Gas Plant Code, 2008 edition. 

NFPA 59A, Standard for the Production, Storage, and Handling 
of Liquefied Natural Gas (LNG), 2009 edition. 

NEPA 70°, National Electrical Code®, 2008 edition. 

NFPA 75, Standard for the Protection of Information Technology 
Equipment, 2009 edition. 

NFPA 76, Standard for the Fire Protection of Telecommunications 
Facilities, 2009 edition. 

NFPA 82, Standard on Incinerators and Waste and Linen Han- 
dling Systems and Equipment, 2009 edition. 

NFPA 86, Standard for Ovens and Furnaces, 2007 edition. 
NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors, 
Gases, Mists, and Noncombustible Particulate Solids, 2004 edition. 
NFPA 99, Standard for Health Cave Facilities, 2005 edition. 
NFPA 99B, Standard for Hypobaric Facilities, 2010 edition. 
NFPA 120, Standard for Fire Prevention and Control in Coal 
Mines, 2004 edition. 

NFPA 122, Standard for Fire Prevention and Control in Metal/ 
Nonmetal Mining and Metal Mineral Processing Facilities, 2004 edi- 
tion. 
NFPA 130, Standard for Fixed Guideway Transit and Passenger 
Rail Systems, 2010 edition. 

NFPA 140, Standard on Motion Picture and Television Produc- 
tion Studio Soundstages, Approved Production Facilities, and Produc- 
tion Locations, 2008 edition. 

NFPA 150, Standard on Fire and Life Safety in Animal Housing 
Facilities, 2009 edition. 

NFPA 214, Standard on Water-Cooling Towers, 2005 edition. 
NFPA 307, Standard for the Construction and Fire Protection of 
Marine Terminals, Piers, and Wharves, 2006 edition. 

NFPA 318, Standard for the Protection of Semiconductor Fabrica- 
tion Facilities, 2009 edition. 

NFPA 415, Standard on Airport Terminal Buildings, Fueling 
Ramp Drainage, and Loading Walkways, 2008 edition. 

NFPA 423, Standard for Construction and Protection of Aircraft 
Engine Test Facilities, 2004 edition. 

NFPA 804, Standard for Fire Protection for Advanced Light Water 
Reactor Electric Generating Plants, 2006 edition. 

NFPA 805, Performance-Based Standard for Fire Protection for 
Light Water Reactor Electric Generating Plants, 2006 edition. 
NFPA 850, Recommended Practice for Fire Protection for Electric 
Generating Plants and High Voltage Direct Current Converter Sta- 
tions, 2005 edition. 

NFPA 851, Recommended Practice for Fire Protection for Hydro- 
electric Generating Plants, 2005 edition. 

NFPA 909, Code for the Protection of Cultural Resource Properties 
— Museums, Libraries, and Places of Worship, 2010 edition. 


Ni 


= 


Posted by Public.Resource.Org. Not affiliated with NFPA 


DEFINITIONS 


13-17 


Chapter 3 Definitions 


3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. Where terms are not 
defined in this chapter or within another chapter, they shall 
be defined using their ordinarily accepted meanings within 
the context in which they are used. Merriam-Webster’s Collegiate 
Dictionary, 11th edition, shall be the source for the ordinarily 
accepted meaning. 


3.2 NFPA Official Definitions. 


3.2.1* Approved. Acceptable to the authority having jurisdic- 
tion. 


3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the require- 
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 


3.2.3“ Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the au- 
thority having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalu- 
ation of services, and whose listing states that either the equip- 
ment, material, or service meets appropriate designated stan- 
dards or has been tested and found suitable for a specified 
purpose. 


3.2.4 Shall. Indicates a mandatory requirement. 


3.2.5 Should. Indicates a recommendation or that which is 
advised but not required. 


3.2.6 Standard. A document, the main text of which contains 
only mandatory provisions using the word “shall” to indicate 
requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop- 
tion into law. Nonmandatory provisions shall be located in an 
appendix or annex, footnote, or fine-print note and are not to 
be considered a part of the requirements of a standard. 


3.3 General Definitions. 


3.3.1 Automatic Sprinkler. A fire suppression or control de- 
vice that operates automatically when its heat-activated ele- 
ment is heated to its thermal rating or above, allowing water to 
discharge over a specified area. 


3.3.2* Bathroom. Within a dwelling unit, any room or com- 
partment dedicated to personal hygiene, containing a toilet, 
sink, or bathing capability such as a shower or tub. 


3.3.3 Ceiling Height. The distance between the floor and the 
underside of the ceiling above (or roof deck) within the area. 


3.3.4* Ceiling Pocket. An architectural ceiling feature that 
consists of a bounded area of ceiling located at a higher eleva- 
tion than the attached lower ceiling. 


3.3.5 Ceiling Types. 
3.3.5.1 Flat Ceiling. A continuous ceiling in a single plane. 


3.3.5.2 Horizontal Ceiling. A ceiling with a slope not ex- 
ceeding 2 in 12. 


3.3.5.3 Sloped Ceiling. A ceiling with a slope exceeding 
2 in 12. 


3.3.5.4 Smooth Ceiling. A continuous ceiling free from sig- 
nificant irregularities, lumps, or indentations. 


3.3.6 Compartment. A space completely enclosed by walls 
and a ceiling. Each wall in the compartment is permitted to 
have openings to an adjoining space if the openings have a 
minimum lintel depth of 8 in. (200 mm) from the ceiling and 
the total width of the openings in each wall does not exceed 
8 ft (2.4 m). A single opening of 36 in. (900 mm) or less in 
width without a lintel is permitted when there are no other 
openings to adjoining spaces. 


3.3.7 Drop-Out Ceiling. A suspended ceiling system, which is 
installed below the sprinklers, with listed translucent or 
opaque panels that are heat sensitive and fall from their set- 
ting when exposed to heat. 


3.3.8 Dwelling Unit. One or more rooms arranged for the use 
of one or more individuals living together, as in a single house- 
keeping unit normally having cooking, living, sanitary, and 
sleeping facilities. For purposes of this standard, dwelling unit 
includes hotel rooms, dormitory rooms, apartments, condo- 
miniums, sleeping rooms in nursing homes, and similar living 
units. 


3.3.9 Fire Control. Limiting the size of a fire by distribution 
of water so as to decrease the heat release rate and pre-wet 
adjacent combustibles, while controlling ceiling gas tempera- 
tures to avoid structural damage. 


3.3.10 Fire Suppression. Sharply reducing the heat release 
rate of a fire and preventing its regrowth by means of direct 
and sufficient application of water through the fire plume to 
the burning fuel surface. 


3.3.11 Fuel-Fired Heating Unit. An appliance that produces 
heat by burning fuel. 


3.3.12 Hydraulically Designed System. A calculated sprinkler 
system in which pipe sizes are selected on a pressure loss basis 
to provide a prescribed water density, in gallons per minute 
per square foot (mm/min), or a prescribed minimum dis- 
charge pressure or flow per sprinkler, distributed with a rea- 
sonable degree of uniformity over a specified area. 


3.3.13* Limited-Combustible (Material). Refers to a building 
construction material not complying with the definition of 
noncombustible material that, in the form in which it is 
used, has a potential heat value not exceeding 3500 Btu/1b 
(8141 kJ/kg), where tested in accordance with NFPA 259, 
Standard Test Method for Potential Heat of Building Materials, 
and includes either of the following: (1) materials having a 
structural base of noncombustible material, with a surfac- 
ing not exceeding a thickness of % in. (3.2 mm) that has a 
flame spread index not greater than 50; or (2) materials, in 
the form and thickness used, having neither a flame spread 
index greater than 25 nor evidence of continued progres- 
sive combustion, and of such composition that surfaces that 
would be exposed by cutting through the material on any 
plane would have neither a flame spread index greater than 
25 nor evidence of continued progressive combustion, 
when tested in accordance with ASTM E 84, Standard Test 
Method of Surface Burning Characteristics of Building Materials, 
or ANSI/UL 723, Standard Test Method of Surface Burning 
Characteristics of Building Materials. 


3.3.14 Noncombustible Material. A material that, in the form 
in which it is used and under the conditions anticipated, will 
not ignite, burn, support combustion, or release flammable 
vapors, when subjected to fire or heat; materials that are re- 
ported as passing ASTM E 136, Standard Test Method for Behavior 
of Materials in a Vertical Tube Furnace at 750 Degrees C, shall be 
considered noncombustible materials. 
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3.3.15 Pipe Schedule System. A sprinkler system in which the 
pipe sizing is selected from a schedule that is determined by the 
occupancy classification and in which a given number of sprin- 
klers are allowed to be supplied from specific sizes of pipe. 


3.3.16 Shop-Welded. As used in this standard, shop in the 
term shop-welded means either (1) a sprinkler contractor’s or 
fabricator’s premise or (2) an area specifically designed or 
authorized for welding, such as a detached outside location, 
maintenance shop, or other area (either temporary or perma- 
nent) of noncombustible or fire-resistive construction free of 
combustible and flammable contents and suitably segregated 
from adjacent areas. 


3.3.17 Small Room. A room of light hazard occupancy classifi- 
cation having unobstructed construction, and a floor area not 
exceeding 800 ft? (74.3 m°) that is enclosed by walls and a ceiling. 
Each wall in the small room is permitted to have openings to an 
adjoining space if the openings have a minimum lintel depth of 
8 in. (200 mm) from the ceiling and the total width of the open- 
ings in each wall does not exceed 8 ft (2.4 m). Asingle opening of 
36 in. (900 mm) or less in width without a lintel is permitted. 


3.3.18* Sprinkler System. For fire protection purposes, an in- 
tegrated system of underground and overhead piping de- 
signed in accordance with fire protection engineering stan- 
dards. The installation includes at least one automatic water 
supply that supplies one or more systems. The portion of the 
sprinkler system above ground is a network of specially sized 
or hydraulically designed piping installed in a building, struc- 
ture, or area, generally overhead, and to which sprinklers are 
attached in a systematic pattern. Each system has a control 
valve located in the system riser or its supply piping. Each 
sprinkler system includes a device for actuating an alarm when 
the system is in operation. The system is usually activated by 
heat from a fire and discharges water over the fire area. 


3.3.19 System Working Pressure. The maximum anticipated 
static (nonflowing) or flowing pressure applied to sprinkler 
system components exclusive of surge pressures and exclusive 
of pressure from the fire department connection. 


3.3.20 Thermal Barrier. A material that limits the average 
temperature rise of the unexposed surface to not more than 
250°F (139°C) above ambient for a specified fire exposure 
duration using the standard time-temperature curve of 
NFPA 251, Standard Methods of Tests of Fire Resistance of Building 
Construction and Materials, or ASTM E 119, Standard Test Meth- 
ods for Fire Tests of Building Construction and Materials. 


3.4 Sprinkler System Type Definitions. 


3.4.1 Antifreeze Sprinkler System. Awet pipe sprinkler system 
employing automatic sprinklers that are attached to a piping 
system that contains an antifreeze solution and that are con- 
nected to a water supply. The antifreeze solution is discharged, 
followed by water, immediately upon operation of sprinklers 
opened by heat from a fire. 


3.4.2 Circulating Closed-Loop Sprinkler System. A wet pipe 
sprinkler system having non-fire protection connections to auto- 
matic sprinkler systems in a closed-loop piping arrangement for 
the purpose of utilizing sprinkler piping to conduct water for 
heating or cooling, where water is not removed or used from the 
system but only circulated through the piping system. 


3.4.3 Combined Dry Pipe-Preaction Sprinkler System. Asprin- 
kler system employing automatic sprinklers attached to a pip- 
ing system containing air under pressure with a supplemental 
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detection system installed in the same areas as the sprinklers. 
Operation of the detection system actuates tripping devices 
that open dry pipe valves simultaneously and without loss of 
air pressure in the system. Operation of the detection system 
also opens listed air exhaust valves at the end of the feed main, 
which usually precedes the opening of sprinklers. The detec- 
tion system also serves as an automatic fire alarm system. 


3.4.4 Deluge Sprinkler System. A sprinkler system employing 
open sprinklers that are attached to a piping system that is con- 
nected to a water supply through a valve that is opened by the 
operation of a detection system installed in the same areas as the 
sprinklers. When this valve opens, water flows into the piping 
system and discharges from all sprinklers attached thereto. 


3.4.5 Dry Pipe Sprinkler System. A sprinkler system employing 
automatic sprinklers that are attached to a piping system contain- 
ing air or nitrogen under pressure, the release of which (as from 
the opening of a sprinkler) permits the water pressure to open a 
valve known as a dry pipe valve, and the water then flows into the 
piping system and out the opened sprinklers. 


3.4.6* Gridded Sprinkler System. A sprinkler system in which 
parallel cross mains are connected by multiple branch lines. 
An operating sprinkler will receive water from both ends of its 
branch line while other branch lines help transfer water be- 
tween cross mains. 


3.4.7* Looped Sprinkler System. A sprinkler system in which 
multiple cross mains are tied together so as to provide more 
than one path for water to flow to an operating sprinkler and 
branch lines are not tied together. 


3.4.8 Multi-Cycle System. A type of sprinkler system capable 
of repeated on-off flow cycles in response to heat. 


3.4.9* Preaction Sprinkler System. A sprinkler system employ- 
ing automatic sprinklers that are attached to a piping system 
that contains air that might or might not be under pressure, 
with a supplemental detection system installed in the same 
areas as the sprinklers. 


3.4.10 Wet Pipe Sprinkler System. A sprinkler system employ- 
ing automatic sprinklers attached to a piping system containing 
water and connected to a water supply so that water discharges 
immediately from sprinklers opened by heat from a fire. 


3.5* System Component Definitions. 


3.5.1 Air Receiver. A chamber, compatible with an air com- 
pressor, that can store air under pressure that is higher in 
pressure than that in the dry pipe or preaction system piping. 


3.5.2 Air Reservoir. A chamber that can store air at the same 
pressure that is in the wet pipe system piping. 

3.5.3 Arm-Over. A horizontal pipe that extends from the 
branch line to a single sprinkler or a sprinkler above and be- 
low a ceiling. 

3.5.4 Branch Lines. The pipes supplying sprinklers, either di- 
rectly or through sprigs, drops, return bends, or arm-overs. 


3.5.5 Cross Mains. The pipes supplying the branch lines, ei- 
ther directly or through risers. 


3.5.6 Feed Mains. The pipes supplying cross mains, either 
directly or through risers. 


3.5.7 Flexible Listed Pipe Coupling. A listed coupling or fitting 
that allows axial displacement, rotation, and at least 1 degree of 
angular movement of the pipe without inducing harm on the 
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pipe. For pipe diameters of 8 in. (203.2 mm) and larger, the 
angular movement shall be permitted to be less than 1 degree 
but not less than 0.5 degree. 


3.5.8 Riser Nipple. Vertical piece of pipe between the main 
and branch line. 


3.5.9 Risers. The vertical supply pipes in a sprinkler system. 


3.5.10 Sprig. A pipe that rises vertically and supplies a single 
sprinkler. 


3.5.11 Supervisory Device. A device arranged to supervise the 
operative condition of automatic sprinkler systems. 


3.5.12 System Riser. The aboveground horizontal or vertical 
pipe between the water supply and the mains (cross or feed) 
that contains a control valve (either directly or within its sup- 
ply pipe) and a waterflow alarm device. 


3.5.13 Waterflow Alarm Device. An attachment to the sprin- 
kler system that detects a predetermined water flow and is 
connected to a fire alarm system to initiate an alarm condition 
or is used to mechanically or electrically initiate a fire pump or 
local audible or visual alarm. 


3.6 Sprinkler Definitions. 


3.6.1* General Sprinkler Characteristics. The following are 
characteristics of a sprinkler that define its ability to control or 
extinguish a fire. (a) Thermal sensitivity. A measure of the rapid- 
ity with which the thermal element operates as installed in a spe- 
cific sprinkler or sprinkler assembly. One measure of thermal 
sensitivity is the response time index (RTT) as measured under 
standardized test conditions. (1) Sprinklers defined as fast re- 
sponse have a thermal element with an RTI of 50 (meters- 
seconds) '/? or less. (2) Sprinklers defined as standard response 
have a thermal element with an RTI of 80 (meters-seconds) '’? or 
more. (b) Temperature rating. (c) Orifice size (see Chapter 6). (d) 
Installation orientation (see 3.6.2). (e) Water distribution charac- 
teristics (i.e., application rate, wall wetting). (f) Special service 
conditions (see 3.6.3). 


3.6.2 Installation Orientation. The following sprinklers are 
defined according to orientation. 


3.6.2.1 Concealed Sprinkler. A recessed sprinkler with 
cover plate. 


3.6.2.2 Flush Sprinkler. A sprinkler in which all or part of 
the body, including the shank thread, is mounted above 
the lower plane of the ceiling. 


3.6.2.3 Pendent Sprinkler. A sprinkler designed to be in- 
stalled in such a way that the water stream is directed down- 
ward against the deflector. 


3.6.2.4 Recessed Sprinkler. A sprinkler in which all or part 
of the body, other than the shank thread, is mounted 
within a recessed housing. 


3.6.2.5 Sidewall Sprinkler. A sprinkler having special de- 
flectors that are designed to discharge most of the water 
away from the nearby wall in a pattern resembling one- 
quarter of a sphere, with a small portion of the discharge 
directed at the wall behind the sprinkler. 


3.6.2.6 Upright Sprinkler. A sprinkler designed to be in- 
stalled in such a way that the water spray is directed up- 
wards against the deflector. 


3.6.3 Special Service Conditions. The following sprinklers are 
defined according to special application or environment. 


3.6.3.1 Corrosion-Resistant Sprinkler. A sprinkler fabricated 
with corrosion-resistant material, or with special coatings 
or platings, to be used in an atmosphere that would nor- 
mally corrode sprinklers. 


3.6.3.2* Dry Sprinkler. A sprinkler secured in an extension 
nipple that has a seal at the inlet end to prevent water from 
entering the nipple until the sprinkler operates. 


3.6.3.3 Institutional Sprinkler. A sprinkler specially de- 
signed for resistance to load-bearing purposes and with 
components not readily converted for use as weapons. 


3.6.3.4 Intermediate Level Sprinkler/Rack Storage Sprinkler. A 
sprinkler equipped with integral shields to protect its oper- 
ating elements from the discharge of sprinklers installed at 
higher elevations. 


3.6.3.5 Ornamental/Decorative Sprinkler. A sprinkler that 
has been painted or plated by the manufacturer. 


3.6.3.6 Pilot Line Detector. A standard spray sprinkler or 
thermostatic fixed-temperature release device used as a de- 
tector to pneumatically or hydraulically release the main 
valve, controlling the flow of water into a fire protection 
system. 


3.6.4 Sprinkler Types. The following sprinklers are defined 
according to design and performance characteristics. 


3.6.4.1* Control Mode Specific Application (CMSA) Sprinkler. A 
type of spray sprinkler that is capable of producing charac- 
teristic large water droplets and that is listed for its capabil- 
ity to provide fire control of specific high-challenge fire 
hazards. 


3.6.4.2* Early Suppression Fast-Response (ESFR) Sprinkler. A 
type of fast-response sprinkler that meets the criteria of 
3.6.1(a)(1) and is listed for its capability to provide fire 
suppression of specific high-challenge fire hazards. 


3.6.4.3 Extended Coverage Sprinkler. A type of spray sprin- 
kler with maximum coverage areas as specified in Sections 8.8 
and 8.9 of this standard. 


3.6.4.4 Nozzles. A device for use in applications requiring 
special water discharge patterns, directional spray, or other 
unusual discharge characteristics. 


3.6.4.5 Old-Style/Conventional Sprinkler. A sprinkler that 
directs from 40 percent to 60 percent of the total water 
initially in a downward direction and that is designed to be 
installed with the deflector either upright or pendent. 


3.6.4.6 Open Sprinkler. A sprinkler that does not have ac- 
tuators or heat-responsive elements. 


3.6.4.7* Quick-Response (QR) Sprinkler. A type of spray sprin- 
kler that meets the fast response criteria of 3.6.1 (a) (1) and is 
listed as a quick-response sprinkler for its intended use. 


3.6.4.7.1* Quick-Response Early Suppression (ORES) Sprin- 
kler. A type of quick-response sprinkler that meets the cri- 
teria of 3.6.1(a) (1) and is listed for its capability to provide 
fire suppression of specific fire hazards. 


3.6.4.7.2 Quick-Response Extended Coverage Sprinkler. A type 
of quick-response sprinkler that meets the criteria of 
3.6.1(a) (1) and complies with the extended protection ar- 
eas defined in Chapter 8. 
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3.6.4.8 Residential Sprinkler. A type of fast-response sprin- 
kler having a thermal element with an RTI of 50 (meters- 
seconds)” or less, that has been specifically investigated 
for its ability to enhance survivability in the room of fire 
origin, and that is listed for use in the protection of dwell- 
ing units. 


3.6.4.9 Special Sprinkler. A sprinkler that has been tested 
and listed as prescribed in 8.4.8. 


3.6.4.10 Spray Sprinkler. A type of sprinkler listed for its 
capability to provide fire control for a wide range of fire 
hazards. 


3.6.4.10.1 Standard Spray Sprinkler. A spray sprinkler with 
maximum coverage areas as specified in Sections 8.6 and 
8.7 of this standard. 


3.7 Construction Definitions. 


3.7.1* Obstructed Construction. Panel construction and other 
construction where beams, trusses, or other members impede 
heat flow or water distribution in a manner that materially affects 
the ability of sprinklers to control or suppress a fire. 


3.7.2* Unobstructed Construction. Construction where beams, 
trusses, or other members do not impede heat flow or water dis- 
tribution in a manner that materially affects the ability of sprin- 
klers to control or suppress a fire. Unobstructed construction has 
horizontal structural members that are not solid, where the 
openings are at least 70 percent of the cross-section area and the 
depth of the member does not exceed the least dimension of the 
openings, or all construction types where the spacing of struc- 
tural members exceeds 7% ft (2.3 m) on center. 


3.8 Private Water Supply Piping Definitions. 
3.8.1 General Definitions from NFPA 24. 


3.8.1.1 Appurtenance. An accessory or attachment that en- 
ables the private fire service main to perform its intended 
function. [24, 2010] 


3.8.1.2 Corrosion Resistant Piping. Piping that has the 
property of being able to withstand deterioration of its sur- 
face or its properties when exposed to its environment. 
(24, 2010] 


3.8.1.3 Corrosion Retardant Material. A lining or coating 
material that when applied to piping or appurtenances has 
the property of reducing or slowing the deterioration of 
the object’s surface or properties when exposed to its envi- 
ronment. [24, 2010] 


3.8.1.4 Fire Department Connection. A connection through 
which the fire department can pump supplemental water 
into the sprinkler system, standpipe, or other system, fur- 
nishing water for fire extinguishment to supplement exist- 
ing water supplies. [24, 2010] 


3.8.1.5 Fire Pump. A pump supplying water at the flow 
and pressure required by water-based fire protection sys- 
tems. [24, 2010] 


3.8.1.6 Hose House. An enclosure located over or adjacent 
to a hydrant or other water supply designed to contain the 
necessary hose nozzles, hose wrenches, gaskets, and span- 
ners to be used in fire fighting in conjunction with and to 
provide aid to the local fire department. [24, 2010] 


3.8.1.7 Hydrant Butt. The hose connection outlet of a hy- 
drant. [24, 2010] 
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3.8.1.8 Hydraulically Calculated Water Demand Flow Rate. 
The water flow rate for a system or hose stream that has 
been calculated using accepted engineering practices. 
[24, 2010] 


3.8.1.9 Pressure. 


3.8.1.9.1 Residual Pressure. The pressure that exists in 
the distribution system, measured at the residual hy- 
drant at the time the flow readings are taken at the flow 
hydrants. [24, 2010] 


3.8.1.9.2 Static Pressure. The pressure that exists at a given 
point under normal distribution system conditions measured 
at the residual hydrant with no hydrants flowing. [24, 2010] 


3.8.1.10 Pressure Regulating Device. A device designed for 
the purpose of reducing, regulating, controlling, or restrict- 
ing water pressure. Examples include pressure-reducing 
valves, pressure-control valves, and pressure-restricting de- 


vices. [24, 2010] 


3.8.1.11* Private Fire Service Main. Private fire service 
main, as used in this standard, is that pipe and its appurte- 
nances on private property (1) between a source of water 
and the base of the system riser for water-based fire protec- 
tion systems, (2) between a source of water and inlets to 
foam-making systems, (3) between a source of water and 
the base elbow of private hydrants or monitor nozzles, and 
(4) used as fire pump suction and discharge piping, (5) 
beginning at the inlet side of the check valve on a gravity or 
pressure tank. [24, 2010] 


3.8.1.12 Pumper Outlet. The hydrant outlet intended for 
use by fire departments for taking supply from the hydrant 
for pumpers. [24, 2010] 


3.8.1.13 Rated Capacity. The flow available from a hydrant 
at the designated residual pressure (rated pressure) either 
measured or calculated. [24, 2010] 


3.8.1.14 Test. 


3.8.1.14.1 Flow Test. A test performed by the flow and 
measurement of water from one hydrant and the static and 
residual pressures from an adjacent hydrant for the pur- 
pose of determining the available water supply at that loca- 
tion. [24, 2010] 


3.8.1.14.2 Flushing Test. A test of a piping system using 
high velocity flows to remove debris from the piping system 
prior to it being placed in service. [24, 2010] 


3.8.1.14.3 Hydrostatic Test. A test of a closed piping system 
and its attached appurtenances consisting of subjecting the 
piping to an increased internal pressure for a specified pe- 
riod of duration to verify system integrity and leak rates. 
[24, 2010] 


3.8.1.15 Valve. 


3.8.1.15.1 Check Valve. A valve that allows flow in one di- 
rection only. [24, 2010] 


3.8.1.15.2 Indicating Valve. A valve that has components 
that show if the valve is open or closed. Examples are out- 
side screw and yoke (OS&Y) gate valves and underground 
gate valves with indicator posts. [24, 2010] 


3.8.2 Hydrant Definitions from NFPA 24. 


3.8.2.1 Hydrant. An exterior valved connection to a water 
supply system that provides hose connections. [24, 2010] 
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3.8.2.1.1 Dry Barrel Hydrant. This is the most common 
type of hydrant; it has a control valve below the frost line 
between the footpiece and the barrel. A drain is located at 
the bottom of the barrel above the control valve seat for 
proper drainage after operation. [24, 2010] 


3.8.2.1.2 Flow Hydrant. The hydrant that is used for the 
flow and flow measurement of water during a flow test. 
[24, 2010] 


3.8.2.1.3 Private Fire Hydrant. A valved connection on a 
water supply system having one or more outlets and that is 
used to supply hose and fire department pumpers with wa- 
ter on private property. Where connected to a public water 
system, the private hydrants are supplied by a private ser- 
vice main that begins at the point of service designated by 
the authority having jurisdiction, usually at a manually op- 
erated valve near the property line. [24, 2010] 


3.8.2.1.4 Public Hydrant. A valved connection on a water 
supply system having one or more outlets and that is used 
to supply hose and fire department pumpers with water. 
[24, 2010] 


3.8.2.1.5 Residual Hydrant. The hydrant that is used for 
measuring static and residual pressures during a flow test. 
[24, 2010] 


3.8.2.1.6 Wet Barrel Hydrant. A type of hydrant that some- 
times is used where there is no danger of freezing weather. 
Each outlet on a wet barrel hydrant is provided with a 
valved outlet threaded for fire hose. [24, 2010] 


3.9 Storage Definitions. 
3.9.1* General. 


3.9.1.1* Available Height for Storage. The maximum height 
at which commodities can be stored above the floor and 
still maintain necessary clearance from structural members 
and the required clearance below sprinklers. 


3.9.1.2 Cartoned. Amethod of storage consisting of corru- 
gated cardboard or paperboard containers fully enclosing 
the commodity. 


3.9.1.3* Carton Records Storage. A Class III commodity con- 
sisting predominantly of paper records in cardboard car- 
tons. 


3.9.1.4 Catwalk. For the purposes of carton records stor- 
age, a storage aid consisting of either open metal grating or 
solid horizontal barriers supported from a rack storage sys- 
tem that is utilized as a walkway for access to storage at 
elevated levels. Catwalks are accessed using stairs and are 
not separate floors of a building. 


3.9.1.5 Clearance. The distance from the top of storage to 
the ceiling sprinkler deflectors. 


3.9.1.6 Commodity. The combination of products, pack- 
ing material, and container that determines commodity 
classification. 


3.9.1.7 Compact Storage. Storage on solid shelves not ex- 
ceeding 36 in. (0.9 m) in total depth, arranged as part of a 
compact storage module, with no more than 30 in. (0.76 m) 
between shelves vertically and with no internal vertical flue 
spaces other than those between individual shelving sections. 


3.9.1.8 Compact Storage Module. A type of shelving unit 
consisting of compact storage whereby the units move to 


allow for storage to be pushed together creating a storage 
unit with no flues or minimal spaces between units. Aisles 
are created by moving the shelving unit. Compact storage 
modules can be manual or electric in operation. 


3.9.1.9* Compartmented. The rigid separation of the prod- 
ucts in a container by dividers that form a stable unit under 
fire conditions. 


3.9.1.10* Container (Shipping, Master, or Outer Container). A 
receptacle strong enough, by reason of material, design, 
and construction, to be shipped safely without further 
packaging. 


3.9.1.11* Conventional Pallets. A material-handling aid de- 
signed to support a unit load with openings to provide ac- 
cess for material-handling devices. (See Figure A.3. 9.1.11.) 


3.9.1.12 Encapsulation. A method of packaging consisting 
of a plastic sheet completely enclosing the sides and top of 
a pallet load containing a combustible commodity or a 
combustible package or a group of combustible commodi- 
ties or combustible packages. Combustible commodities 
individually wrapped in plastic sheeting and stored ex- 
posed in a pallet load also are to be considered encapsu- 
lated. Totally noncombustible commodities on wood pal- 
lets enclosed only by a plastic sheet as described are not 
covered under this definition. Banding (i.e., stretch- 
wrapping around the sides only of a pallet load) is not con- 
sidered to be encapsulation. Where there are holes or voids 
in the plastic or waterproof cover on the top of the carton 
that exceed more than half of the area of the cover, the 
term encapsulated does not apply. The term encapsulated 
does not apply to plastic-enclosed products or packages in- 
side a large, nonplastic, enclosed container. 


3.9.1.13 Expanded (Foamed or Cellular) Plastics. Those 
plastics, the density of which is reduced by the presence of 
numerous small cavities (cells), interconnecting or not, 
dispersed throughout their mass. 


3.9.1.14 Exposed Group A Plastic Commodities. Those plas- 
tics not in packaging or coverings that absorb water or oth- 
erwise appreciably retard the burning hazard of the com- 
modity. (Paper wrapped or encapsulated, or both, should 
be considered exposed.) 


3.9.1.15 Free-Flowing Plastic Materials. Those plastics that 
fall out of their containers during a fire, fill flue spaces, and 
create a smothering effect on the fire. Examples include 
powder, pellets, flakes, or random-packed small objects 
[e.g., razor blade dispensers, 1 oz to 2 oz (28 g to 57 g) 
bottles]. 


3.9.1.16 High-Challenge Fire Hazard. A fire hazard typical 
of that produced by fires in combustible high-piled storage. 


3.9.1.17 High-Piled Storage. Solid-piled, palletized, rack 
storage, bin box, and shelf storage in excess of 12 ft (3.7 m) 
in height. 


3.9.1.18* Miscellaneous Storage. Storage that does not ex- 
ceed 12 ft (3.66 m) in height and is incidental to another 
occupancy use group. Such storage shall not constitute more 
than 10 percent of the building area or 4000 ft? (372 m?) of 
the sprinklered area, whichever is greater. Such storage shall 
not exceed 1000 ft? (93 m”) in one pile or area, and each such 
pile or area shall be separated from other storage areas by at 
least 25 ft (7.62 m). 
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3.9.1.19* Open-Top Container. A container of any shape 
that is entirely or partially open on the top. 


3.9.1.20 Packaging. A commodity wrapping, cushioning, 
or container. 


3.9.1.21 Plastic Pallet. A pallet having any portion of its 
construction consisting of a plastic material. 


3.9.1.22* Reinforced Plastic Pallet. A plastic pallet incorpo- 
rating a secondary reinforcing material (such as steel or 
fiberglass) within the pallet. 


3.9.1.23 Roof Height. The distance between the floor and 
the underside of the roof deck within the storage area. 


3.9.1.24 Slave Pallet. A special pallet captive to a material- 
handling system. (See Figure A.3. 9.1.11.) 


3.9.1.25 Storage Aids. Commodity storage devices, such as 
pallets, dunnage, separators, and skids. 


3.9.1.26 Unit Load. A pallet load or module held together 
in some manner and normally transported by material- 
handling equipment. 


3.9.1.27 Wood Pallet. A pallet constructed entirely of wood 
with metal fasteners. 


3.9.2 Palletized, Solid Pile, Bin Box, and Shelf Storage. 


3.9.2.1 Array. 


3.9.2.1.1 Closed Array. A storage arrangement where air 
movement through the pile is restricted because of 6 in. 
(152 mm) or less vertical flues. 


3.9.2.1.2* Open Array. A storage arrangement where air 
movement through the pile is enhanced because of vertical 
flues larger than 6 in. (152 mm). 


3.9.2.2 Bin Box Storage. Storage in five-sided wood, metal, 
or cardboard boxes with open face on the aisles. Boxes are 
selfsupporting or supported by a structure so designed that 
little or no horizontal or vertical space exists around boxes. 


3.9.2.3 Palletized Storage. Storage of commodities on pal- 
lets or other storage aids that form horizontal spaces be- 
tween tiers of storage. 


3.9.2.4* Pile Stability, Stable Piles. Those arrays where col- 
lapse, spillage of content, or leaning of stacks across flue 
spaces is not likely to occur soon after initial fire development. 


3.9.2.5* Pile Stability, Unstable Piles. Those arrays where 
collapse, spillage of contents, or leaning of stacks across 
flue spaces occurs soon after initial fire development. 


3.9.2.6* Shelf Storage. Storage on structures up to and in- 
cluding 30 in. (0.76 m) deep and separated by aisles at least 
30 in. (0.76 m) wide. 


3.9.2.6.1* Back-to-Back Shelf Storage. ‘Two solid or perfo- 
rated shelves up to 30 in. (0.76 m) in depth each, not ex- 
ceeding a total depth of 60 in. (1.52 m), separated by a 
longitudinal vertical barrier such as plywood, particle- 
board, sheet metal, or equivalent, with a maximum 0.25 in. 
(6.4 mm) diameter penetrations and no longitudinal flue 
space and a maximum storage height of 15 ft (4.57 m). 


3.9.2.7 Solid-Piled Storage. Storage of commodities stacked 
on each other. 
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3.9.2.8 Solid Unit Load of a Nonexpanded Plastic (Either Car- 
toned or Exposed). A load that does not have voids (air) 
within the load and that burns only on the exterior of the 
load; water from sprinklers might reach most surfaces avail- 
able to burn. 


3.9.3 Rack Storage. 


3.9.3.1* Aisle Width. The horizontal dimension between 
the face of the loads in racks under consideration. 


3.9.3.2 Automotive Components on Portable Racks. Automo- 
tive components on portable racks are defined as the fol- 
lowing: instrument panels, windshields, metal and plastic 
gasoline tanks, heater housings, door panels, interior trim, 
bumper facia, wiring harnesses, sheet metal, body compo- 
nents, engines, driveline components, steering mecha- 
nisms, auxiliary motors, and lighting — all with or without 
expanded plastic donnage. This definition does not in- 
clude the storage of air bags, tires, and seats on portable 
racks. 


3.9.3.3 Bulkhead. A vertical barrier across the rack. 


3.9.3.4* Face Sprinklers. Standard sprinklers that are lo- 
cated in transverse flue spaces along the aisle or in the rack, 
are within 18 in. (0.46 m) of the aisle face of storage, and 
are used to oppose vertical development of fire on the ex- 
ternal face of storage. 


3.9.3.5 Horizontal Barrier. A solid barrier in the horizontal 
position covering the entire rack, including all flue spaces at 
certain height increments, to prevent vertical fire spread. 


3.9.3.6* Longitudinal Flue Space. The space between rows 
of storage perpendicular to the direction of loading with a 
width not exceeding 24 in. (610 mm) between storage. 


3.9.3.7* Rack. Any combination of vertical, horizontal, 
and diagonal structural members that support stored mate- 
rials or commodities. [1, 2009] 


3.9.3.7.1 Double-Row Racks. Racks less than or equal to 
12 ft (3.7 m) in depth or single-row racks placed back to 
back having an aggregate depth up to 12 ft (3.7 m), with 
aisles having an aisle width of at least 3.5 ft (1.1 m) between 
loads on racks. 


3.9.3.7.2 Movable Racks. Racks on fixed rails or guides. 
They can be moved back and forth only in a horizontal, 
two-dimensional plane. A moving aisle is created as abut- 
ting racks are either loaded or unloaded, then moved 
across the aisle to abut other racks. 


3.9.3.7.3 Multiple-Row Racks. Racks greater than 12 ft 
(3.7 m) in depth or single- or double-row racks separated 
by aisles less than 3.5 ft (1.1 m) wide having an overall 
width greater than 12 ft (3.7 m). 


3.9.3.7.4 Portable Racks. Racks that are not fixed in place. 
They can be arranged in any number of configurations. 


3.9.3.7.5 Single-Row Racks. Racks that have no longitudi- 
nal flue space and that have a depth up to 6 ft (1.8 m) with 
aisles having a width of at least 3.5 ft (1.1 m) between loads 
on racks. 


3.9.3.7.6 Rack Shelf Area. The area of the horizontal sur- 
face of a shelf in a rack defined by perimeter aisle(s) or 
nominal 6 in. (152 mm) flue spaces on all four sides, or by 
the placement of loads that block openings that would oth- 
erwise serve as the required flue spaces. 
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3.9.3.7.7 Open Rack. Racks without shelving or with shelv- 
ing in racks that are fixed in place with shelves having a solid 
surface and a shelf area equal to or less than 20 ft? (1.9 m?) or 
with shelves having a wire mesh, slatted surface, or other ma- 
terial with openings representing at least 50 percent of the 
shelf area including the horizontal area of rack members and 
where the flue spaces are maintained. 


3.9.3.7.8 Slatted Shelf Rack. A rack where shelves are fixed 
in place with a series of narrow individual solid supports 
used as the shelf material and spaced apart with regular 
openings. 


3.9.3.7.9 Solid Shelf Rack. A rack where shelves are fixed in 
place with a solid, slatted, or wire mesh barrier used as the 
shelf material and having limited openings in the shelf area. 


3.9.3.8 Solid Shelving. Solid shelving is fixed in place, slat- 
ted, wire mesh, or other type of shelves located within 
racks. The area of a solid shelf is defined by perimeter aisle 
or flue space on all four sides. Solid shelves having an area 
equal to or less than 20 ft? (1.9 m?) shall be defined as open 
racks. Shelves of wire mesh, slats, or other materials more 
than 50 percent open and where the flue spaces are main- 
tained shall be defined as open racks. 


3.9.3.9 Transverse Flue Space. The space between rows of 
storage parallel to the direction of loading. (See Figure 
A.3. 9.3.6.) 


3.9.4 Rubber Tire Storage Definitions. 


3.9.4.1 Banded Tires. A storage method in which a num- 
ber of tires are strapped together. 


3.9.4.2 Horizontal Channel. Any uninterrupted space in 
excess of 5 ft (1.5 m) in length between horizontal layers of 
stored tires. Such channels can be formed by pallets, shelv- 
ing, racks, or other storage arrangements. 


3.9.4.3 Laced Tire Storage. Tires stored where the sides of 
the tires overlap, creating a woven or laced appearance. 
[See Figure A. 3.9.4. 9(g).] 


3.9.4.4* Miscellaneous Tire Storage. The storage of rubber 
tires that is incidental to the main use of the building. Stor- 
age areas shall not exceed 2000 ft? (186 m°). On-tread stor- 
age piles, regardless of storage method, shall not exceed 
25 ft (7.6 m) in the direction of the wheel holes. Acceptable 
storage arrangements include (a) on-floor, on-side storage 
up to 12 ft (3.7 m) high; (b) on-floor, on-tread storage up 
to 5 ft (1.5 m) high; (c) double-row or multirow fixed or 
portable rack storage on-side or on-tread up to 5 ft (1.5 m) 
high; (d) single row fixed or portable rack storage on-side 
or on-tread up to 12 ft (3.7 m) high; and (e) laced tires in 
racks up to 5 ft (1.5 m) in height. 


3.9.4.5 On-Side Tire Storage. Tires stored horizontally or 
flat. 


3.9.4.6 On-Tread Tire Storage. Tires stored vertically or on 
their treads. 


3.9.4.7 Palletized Tire Storage. Storage on portable racks of 
various types utilizing a conventional pallet as a base. 


3.9.4.8 Pyramid Tire Storage. On-floor storage in which 
tires are formed into a pyramid to provide pile stability. 


3.9.4.9* Rubber Tire Rack Illustrations. See Figure A.3.9.4.9(a) 
through Figure A.3.9.4.9(g). 


3.9.4.10 Rubber Tires. Pneumatic tires for passenger auto- 
mobiles, aircraft, light and heavy trucks, trailers, farm equip- 
ment, construction equipment (off-the-road), and buses. 


3.9.5 Roll Paper Definitions. 
3.9.5.1 Array (Paper). 


3.9.5.1.1 Closed Array (Paper). A vertical storage arrange- 
ment in which the distances between columns in both di- 
rections are short [not more than 2 in. (50 mm) in one 
direction and 1 in. (25 mm) in the other]. 


3.9.5.1.2 Open Array (Paper). A vertical storage arrange- 
ment in which the distance between columns in both direc- 
tions is lengthy (all vertical arrays other than closed or stan- 
dard). 


3.9.5.1.3* Standard Array (Paper). A vertical storage ar- 
rangement in which the distance between columns in one 
direction is short [1 in. (25 mm) or less] and is in excess of 
2 in. (50 mm) in the other direction. 


3.9.5.2 Banded Roll Paper Storage. Rolls provided with a 
circumferential steel strap [% in. (9.5 mm) or wider] at 
each end of the roll. 


3.9.5.3 Column. A single vertical stack of rolls. 


3.9.5.4 Core. The central tube around which paper is 
wound to form a roll. 


3.9.5.5 Paper (General Term). The term for all kinds of 
felted sheets made from natural fibrous materials, usually 
vegetable but sometimes mineral or animal, and formed on 
a fine wire screen from water suspension. 


3.9.5.6 Roll Paper Storage. 


3.9.5.6.1 Horizontal Roll Paper Storage. Rolls stored with 
the cores in the horizontal plane (on-side storage). 


3.9.5.6.2 Vertical Roll Paper Storage. Rolls stored with the 
cores in the vertical plane (on-end storage). 


3.9.5.6.3* Wrapped Roll Paper Storage. Rolls provided with a 
complete heavy kraft covering around both sides and ends. 


3.9.5.7* Roll Paper Storage Height. The maximum vertical 
distance above the floor at which roll paper is normally 
stored. 


3.9.6 Baled Cotton Definitions. 


3.9.6.1* Baled Cotton. A natural seed fiber wrapped and 
secured in industry-accepted materials, usually consisting 
of burlap, woven polypropylene, or sheet polyethylene, 
and secured with steel, synthetic or wire bands, or wire; also 
includes linters (lint removed from the cottonseed) and 
motes (residual materials from the ginning process). (See 
Table A. 3.9.6.1.) 


3.9.6.2* Tiered Storage. An arrangement in which bales are 
stored directly on the floor, two or more bales high. 


3.10 Marine Definitions. These definitions apply to Chap- 
ter 17 only. 


3.10.1 A-Class Boundary. A boundary designed to resist the 
passage of smoke and flame for 1 hour when tested in accor- 
dance with ASTM E 119, Standard Test Methods for Fire Tests of 
Building Construction and Materials. 


3.10.2 B-Class Boundary. A boundary designed to resist the 
passage of flame for 4% hour when tested in accordance with 
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ASTM E 119, Standard Test Methods for Fire Tests of Building Con- 
struction and Materials. 


3.10.3 Central Safety Station. A continuously manned control 
station from which all of the fire control equipment is moni- 
tored. If this station is not the bridge, direct communication 
with the bridge shall be provided by means other than the 
ship’s service telephone. 


3.10.4* Heat-Sensitive Material. A material whose melting 
point is below 1700°F (926.7°C). 


3.10.5 Heel. The inclination of a ship to one side. 


3.10.6 Heel Angle. The angle defined by the intersection of a 
vertical line through the center of a vessel and a line perpen- 
dicular to the surface of the water. 


3.10.7* International Shore Connection. A universal connec- 
tion to the vessel’s fire main to which a shoreside fire-fighting 
water supply can be connected. 


3.10.8* Marine System. A sprinkler system installed on a ship, 
boat, or other floating structure that takes its supply from the 
water on which the vessel floats. 


3.10.9* Marine Thermal Barrier. An assembly that is con- 
structed of noncombustible materials and made intact with 
the main structure of the vessel, such as shell, structural bulk- 
heads, and decks. A marine thermal barrier shall meet the 
requirements of a B-Class boundary. In addition, a marine 
thermal barrier shall be insulated such that, if tested in accor- 
dance with ASTM E 119, Standard Test Methods for Fire Tests of 
Building Construction and Materials, for 15 minutes, the average 
temperature of the unexposed side does not rise more than 
250°F (193°C) above the original temperature, nor does the 
temperature at any one point, including any joint, rise more 
than 405°F (225°C) above the original temperature. 


3.10.10 Marine Water Supply. The supply portion of the 
sprinkler system from the water pressure tank or the sea suc- 
tion of the designated sprinkler system pump up to and in- 
cluding the valve that isolates the sprinkler system from these 
two water sources. 


3.10.11 Supervision. A visual and audible alarm signal given 
at the central safety station to indicate when the system is in 
operation or when a condition that would impair the satisfac- 
tory operation of the system exists. Supervisory alarms shall 
give a distinct indication for each individual system compo- 
nent that is monitored. 


3.10.12 Survival Angle. The maximum angle to which a vessel 
is permitted to heel after the assumed damage required by 
stability regulations is imposed. 


3.10.13 Type 1 Stair. A fully enclosed stair that serves all levels 
of a vessel in which persons can be employed. 


3.11 Hanging and Bracing Definitions. 


3.11.1 Cp. The seismic coefficient that combines ground mo- 
tion and seismic response factors from ASCE 7-05, Minimum 
Design Loads for Buildings and Other Structures. 


3.11.2 F,,,. The horizontal force due to seismic load acting 
on a brace at working stress levels. 


3.11.3 Four-Way Brace. Asway brace intended to resist differen- 
tial movement of the piping system in all horizontal directions. 


3.11.4 Lateral Brace. A sway brace intended to resist differen- 
tial movement perpendicular to the axis of the pipe. 
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3.11.5 Longitudinal Brace. Asway brace intended to resist dif- 
ferential movement parallel to the axis of the pipe. 


3.11.6* Post-Installed Anchors. A device used for fastening 
pipe to the building structure, installed in hardened concrete. 


3.11.7 S,. The maximum considered earthquake ground 
motion for 0.2 second spectral response acceleration (5 per- 
cent of critical damping), site Class B for a specific site. 


3.11.8 Sway Brace. An assembly intended to be attached to 
the piping to resist horizontal earthquake loads. 


Chapter 4 General Requirements 


4.1 Level of Protection. A building, where protected by an 
automatic sprinkler system installation, shall be provided with 
sprinklers in all areas except where specific sections of this 
standard permit the omission of sprinklers. 


4.2 Limited Area Systems. 


4.2.1 When partial sprinkler systems are installed, the re- 
quirements of this standard shall be used insofar as they are 
applicable. 


4.2.2 The authority having jurisdiction shall be consulted in 
each case. 


4.3* Owner’s Certificate. The owner(s) of a building or struc- 
ture where the fire sprinkler system is going to be installed or 
their authorized agent shall provide the sprinkler system in- 
staller with the following information prior to the layout and 
detailing of the fire sprinkler system /see Figure A.22.1(b)]: 


(1) Intended use of the building including the materials within 
the building and the maximum height of any storage 

(2) Apreliminary plan of the building or structure along with 
the design concepts necessary to perform the layout and 
detail for the fire sprinkler system 

(3) Any special knowledge of the water supply, including 
known environmental conditions that might be respon- 
sible for corrosion, including microbiologically influ- 
enced corrosion (MIC) 


4.4* Additives. Additives or chemicals intended to stop leaks, 
such as sodium silicate or derivatives of sodium silicate, brine, or 
similar acting chemicals, shall not be used in sprinkler systems. 


Chapter 5 Classification of Occupancies and 
Commodities 


5.1* Classification of Occupancies. 


5.1.1 Occupancy classifications for this standard shall relate 
to sprinkler design, installation, and water supply require- 
ments only. 


5.1.2 Occupancy classifications shall not be intended to be a 
general classification of occupancy hazards. 


5.2* Light Hazard Occupancies. Light hazard occupancies shall 
be defined as occupancies or portions of other occupancies 
where the quantity and/or combustibility of contents is low and 
fires with relatively low rates of heat release are expected. 


5.3* Ordinary Hazard Occupancies. 
5.3.1* Ordinary Hazard (Group 1). 


5.3.1.1 Ordinary hazard (Group 1) occupancies shall be de- 
fined as occupancies or portions of other occupancies where 
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combustibility is low, quantity of combustibles is moderate, 
stockpiles of combustibles do not exceed 8 ft (2.4 m), and fires 
with moderate rates of heat release are expected. 


5.3.1.2 Dedicated and miscellaneous storage shall be pro- 
tected in accordance with Chapter 12 and Chapter 13 as appli- 
cable. 


5.3.2* Ordinary Hazard (Group 2). 


5.3.2.1 Ordinary hazard (Group 2) occupancies shall be de- 
fined as occupancies or portions of other occupancies where 
the quantity and combustibility of contents are moderate to 
high, where stockpiles of contents with moderate rates of heat 
release do not exceed 12 ft (3.66 m) and stockpiles of contents 
with high rates of heat release do not exceed 8 ft (2.4 m). 


5.3.2.2 Dedicated and miscellaneous storage shall be pro- 
tected in accordance with Chapter 12 and Chapter 13 as appli- 
cable. 


5.4 Extra Hazard Occupancies. 


5.4.1* Extra Hazard (Group 1). Extra hazard (Group 1) occu- 
pancies shall be defined as occupancies or portions of other 
occupancies where the quantity and combustibility of con- 
tents are very high and dust, lint, or other materials are 
present, introducing the probability of rapidly developing 
fires with high rates of heat release but with little or no com- 
bustible or flammable liquids. 


5.4.2* Extra Hazard (Group 2). Extra hazard (Group 2) occu- 
pancies shall be defined as occupancies or portions of other 
occupancies with moderate to substantial amounts of flam- 
mable or combustible liquids or occupancies where shielding 
of combustibles is extensive. 


5.5* Special Occupancy Hazards. 

5.6* Commodity Classification. See Section C.2. 
5.6.1 General. 

5.6.1.1* Classification of Commodities. 


5.6.1.1.1 Commodity classification and the corresponding pro- 
tection requirements shall be determined based on the makeup 
of individual storage units (i.e., unit load, pallet load). 


5.6.1.1.2 When specific test data of commodity classification 
by a nationally recognized testing agency are available, the 
data shall be permitted to be used in determining classifica- 
tion of commodities. 


5.6.1.2 Mixed Commodities. 


5.6.1.2.1 Protection requirements shall not be based on the 
overall commodity mix in a fire area. 


5.6.1.2.2 Unless the requirements of 5.6.1.2.3 or 5.6.1.2.4 are 
met, mixed commodity storage shall be protected by the re- 
quirements for the highest classified commodity and storage 
arrangement. 


5.6.1.2.3 The protection requirements for the lower com- 
modity class shall be permitted to be utilized where all of the 
following are met: 


(1) Up to 10 pallet loads of a higher hazard commodity, as 
described in 5.6.3 and 5.6.4, shall be permitted to be 
present in an area not exceeding 40,000 ft? (3716 m°). 

(2) The higher hazard commodity shall be randomly dis- 
persed with no adjacent loads in any direction (including 
diagonally). 


(3) Where the ceiling protection is based on Class I or Class II 
commodities, the allowable number of pallet loads for 
Class IV or Group A plastics shall be reduced to five. 


5.6.1.2.4 Mixed Commodity Segregation. The protection re- 
quirements for the lower commodity class shall be permitted 
to be utilized in the area of lower commodity class, where the 
higher hazard material is confined to a designated area and 
the area is protected to the higher hazard in accordance with 
the requirements of this standard. 


5.6.2 Pallet Types. 


5.6.2.1 General. When loads are palletized, the use of wood 
or metal pallets, or listed pallets equivalent to wood, shall be 
assumed in the classification of commodities. 


5.6.2.2* Unreinforced Plastic Pallets. For Class I through 
Class IV commodities, when unreinforced polypropylene or 
unreinforced high-density polyethylene plastic pallets are 
used, the classification of the commodity unit shall be in- 
creased one class. 


5.6.2.2.1 Unreinforced polypropylene or unreinforced high- 
density polyethylene plastic pallets shall be marked with a per- 
manent symbol to indicate that the pallet is unreinforced. 


5.6.2.3* For Class I through Class IV commodities, when rein- 
forced polypropylene or reinforced high-density polyethylene 
plastic pallets are used, the classification of the commodity unit 
shall be increased two classes except for Class IV commodity, 
which shall be increased to a cartoned unexpanded Group A 
plastic commodity. 


5.6.2.3.1 Pallets shall be assumed to be reinforced if no per- 
manent marking or manufacturer’s certification of non- 
reinforcement is provided. 


5.6.2.4 No increase in the commodity classification shall be 
required for Group A plastic commodities stored on plastic 
pallets. 


5.6.2.5 For ceiling-only sprinkler protection, the requirements 
of 5.6.2.2 and 5.6.2.3 shall not apply where plastic pallets are used 
and where the sprinkler system uses spray sprinklers with a mini- 
mum K-factor of K-16.8 (240). 


5.6.2.6 The requirements of 5.6.2.2 through 5.6.2.7 shall not 
apply to nonwood pallets that have demonstrated a fire hazard 
that is equal to or less than wood pallets and are listed as such. 


5.6.2.7 For Class I through Class IV commodities stored on 
plastic pallets when other than wood, metal, or polypropylene 
or high-density polyethylene plastic pallets are used, the clas- 
sification of the commodity unit shall be determined by spe- 
cific testing conducted by a national testing laboratory or shall 
be increased two classes. 


5.6.3* Commodity Classes. 


5.6.3.1* Class I. A Class I commodity shall be defined as a non- 
combustible product that meets one of the following criteria: 


(1) Placed directly on wood pallets 

(2) Placed in single-layer corrugated cartons, with or without 
single-thickness cardboard dividers, with or without pallets 

(3) Shrink-wrapped or paper-wrapped as a unit load with or 
without pallets 


5.6.3.2* Class II. A Class II commodity shall be defined as a 
noncombustible product that is in slatted wooden crates, solid 
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wood boxes, multiple-layered corrugated cartons, or equiva- 
lent combustible packaging material, with or without pallets. 


5.6.3.3* Class III. 


5.6.3.3.1 A Class III commodity shall be defined as a product 
fashioned from wood, paper, natural fibers, or Group C plas- 
tics with or without cartons, boxes, or crates and with or with- 
out pallets. 


5.6.3.3.2 A Class III commodity shall be permitted to contain 
a limited amount (5 percent by weight or volume or less) of 
Group A or Group B plastics. 


5.6.3.4* Class IV. 


5.6.3.4.1 A Class IV commodity shall be defined as a product, 
with or without pallets, that meets one of the following criteria: 


(1) Constructed partially or totally of Group B plastics 

(2) Consists of free-flowing Group A plastic materials 

(3) Contains within itself or its packaging an appreciable 
amount (5 percent to 15 percent by weight or 5 percent to 
25 percent by volume) of Group A plastics 


5.6.3.4.2 The remaining materials shall be permitted to be 
metal, wood, paper, natural or synthetic fibers, or Group B or 
Group C plastics. 


5.6.4* Classification of Plastics, Elastomers, and Rubber. Plas- 
tics, elastomers, and rubber shall be classified as Group A, 
Group B, or Group C. 


5.6.4.1* Group A. The following materials shall be classified as 
Group A: 


(1) ABS (acrylonitrile-butadiene-styrene copolymer) 
(2) Acetal (polyformaldehyde) 
(3) Acrylic (polymethyl methacrylate) 
(4) Butyl rubber 
(5) EPDM (ethylene-propylene rubber) 
(6) FRP (fiberglass-reinforced polyester) 
(7) Natural rubber (if expanded) 
(8) Nitrile-rubber (acrylonitrile-butadiene-rubber) 
(9) PET (thermoplastic polyester) 
(10) Polybutadiene 
(11) Polycarbonate 
(12) Polyester elastomer 
(13) Polyethylene 
(14) Polypropylene 
(15) Polystyrene 
(16) Polyurethane 
(17) PVC (polyvinyl chloride — highly plasticized, with plas- 
ticizer content greater than 20 percent) (rarely found) 
(18) SAN (styrene acrylonitrile) 
(19) SBR (styrene-butadiene rubber) 


5.6.4.2 Group B. The following materials shall be classified as 
Group B: 


(1) Cellulosics (cellulose acetate, cellulose acetate butyrate, 
ethyl cellulose) 

(2) Chloroprene rubber 

(3) Fluoroplastics (ECTFE — ethylene-chlorotrifluoro-ethylene 
copolymer; ETFE — _ ethylene-tetrafluoroethylene- 
copolymer; FEP — fluorinated ethylene-propylene copoly- 
mer) 

(4) Natural rubber (not expanded) 

(5) Nylon (nylon 6, nylon 6/6) 

(6) Silicone rubber 
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5.6.4.3 Group C. The following materials shall be classified as 
Group C: 


(1) Fluoroplastics (PCTFE — polychlorotrifluoroethylene, 
PTFE — polytetrafluoroethylene) 

(2) Melamine (melamine formaldehyde) 

(3) Phenolic 

(4) PVC (polyvinyl chloride — flexible — PVCs with plasti- 
cizer content up to 20 percent) 

(5) PVDC (polyvinylidene chloride) 

(6) PVDF (polyvinylidene fluoride) 

(7) PVF (polyvinyl fluoride) 

(8) Urea (urea formaldehyde) 


5.6.5* Classification of Rolled Paper Storage. For the pur- 
poses of this standard, the classifications of paper described in 
5.6.5.1 through 5.6.5.4 shall apply and shall be used to deter- 
mine the sprinkler system design criteria. 


5.6.5.1 Heavyweight Class. Heavyweight class shall be defined 
so as to include paperboard and paper stock having a basis 
weight [weight per 1000 ft? (92.9 m?)] of 20 lb (9.1 kg). 


5.6.5.2 Mediumweight Class. Mediumweight class shall be de- 
fined so as to include all the broad range of papers having a 
basis weight [weight per 1000 ft? (92.9 m?)] of 10 Ib to 20 Ib 
(4.5 kg to 9.1 kg). 


5.6.5.3 Lightweight Class. Lightweight class shall be defined 
so as to include all papers having a basis weight [weight per 
1000 ft? (92.9 m*)] of 10 Ib (4.5 kg). 


5.6.5.4 Tissue. 


5.6.5.4.1 Tissue shall be defined so as to include the broad 
range of papers of characteristic gauzy texture, which, in some 
cases, are fairly transparent. 


5.6.5.4.2 For the purposes of this standard, tissue shall be 
defined as the soft, absorbent type, regardless of basis weight 
— specifically, crepe wadding and the sanitary class including 
facial tissue, paper napkins, bathroom tissue, and toweling. 


Chapter 6 System Components and Hardware 


6.1 General. This chapter shall provide requirements for cor- 
rect use of sprinkler system components and hardware. 


6.1.1* Listing. 


6.1.1.1 Materials or devices not specifically designated by this 
standard shall be used in accordance with all conditions, re- 
quirements, and limitations of their special listing. 


6.1.1.1.1 All special listing requirements shall be included 
and identified in the product submittal literature and installa- 
tion instructions. 


6.1.1.2 Unless the requirements of 6.1.1.3, 6.1.1.4, or 6.1.1.5 
are met, all materials and devices essential to successful system 
operation shall be listed. 


6.1.1.3 Equipmentas permitted in Table 6.3.1.1 and Table 6.4.1 
shall not be required to be listed. 


6.1.1.4 Materials meeting the requirements of 9.1.1.2, 
9.1.1.4.2, and 9.1.1.4.3 shall not be required to be listed. 


6.1.1.5 Components that do not affect system performance 
such as drain piping, drain valves, and signs shall not be re- 
quired to be listed. 
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6.1.2 Reconditioned Components. 


6.1.2.1 The use of reconditioned valves and devices as re- 
placement equipment in existing systems shall be permitted. 


6.1.2.2 Reconditioned sprinklers shall not be permitted to be 
utilized on any new or existing system. 


6.1.3 Rated Pressure. System components shall be rated for 
the maximum system working pressure to which they are ex- 
posed but shall not be rated at less than 175 psi (12.1 bar) for 
components installed above ground and 150 psi (10.4 bar) for 
components installed underground. 


6.2 Sprinklers. 
6.2.1 General. Only new sprinklers shall be installed. 


6.2.2* Sprinkler Identification. All sprinklers shall be perma- 
nently marked with one or two English uppercase alphabetic 
characters to identify the manufacturer, immediately followed 
by three or four numbers, to uniquely identify a sprinkler as to 
K-factor (orifice size) or orifice shape, deflector characteristic, 
pressure rating, and thermal sensitivity. 


6.2.3 Sprinkler Discharge Characteristics. 


6.2.3.1* General. Unless the requirements of 6.2.3.2, 6.2.3.3, 
or 6.2.3.4 are met, the K-factor, relative discharge, and mark- 
ing identification for sprinklers having different orifice sizes 
shall be in accordance with Table 6.2.3.1. 


6.2.3.2 Pipe Threads. Listed sprinklers having pipe threads 
different from those shown in Table 6.2.3.1 shall be permitted. 


6.2.3.3 K-Factors Greater than K-28 (400). Sprinklers listed 
with nominal K-factors greater than K-28 (400) shall increase 
the flow by 100 percent increments when compared with a 
nominal K-5.6 (80)sprinkler. 


6.2.3.4 Residential Sprinklers. Residential sprinklers shall 
be permitted with K-factors other than those specified in 
Table 6.2.3.1. 


6.2.3.5 CMSA and ESFR K-Factors. Control mode specific 
application (CMSA) and early suppression fast-response 
(ESFR) sprinklers shall have a minimum nominal K-factor 
of K-11.2 (160). 


6.2.3.6 ESFR Orifice Size. ESFR sprinkler orifice size shall be 
selected as appropriate for the hazard. (See Chapter 12.) 


6.2.4 Occupancy Limitations. Unless the requirements of 
6.2.4.1 or 6.2.4.2 are met, sprinklers shall not be listed for 
protection of a portion of an occupancy classification. 


6.2.4.1 Residential Sprinklers. Residential sprinklers shall be 
permitted to be listed for portions of residential occupancies 
as defined in 8.4.5.1. 


6.2.4.2 Special Sprinklers. Special sprinklers shall be permit- 
ted to be listed for protection of a specific construction feature 
in a portion of an occupancy classification. (See 8.4.8.) 


6.2.5* Temperature Characteristics. 


6.2.5.1 Automatic sprinklers shall have their frame arms, de- 
flector, coating material, or liquid bulb colored in accordance 
with the requirements of Table 6.2.5.1 or the requirements of 
6.2.5.2, 6.2.5.3, 6.2.5.4, or 6.2.5.5. 


6.2.5.2 A dot on the top of the deflector, the color of the 
coating material, or colored frame arms shall be permitted for 
color identification of corrosion-resistant sprinklers. 


6.2.5.3 Color identification shall not be required for orna- 
mental sprinklers such as factory-plated or factory-painted 
sprinklers or for recessed, flush, or concealed sprinklers. 


6.2.5.4 The frame arms of bulb-type sprinklers shall not be 
required to be color coded. 


6.2.5.5 The liquid in bulb-type sprinklers shall be color 
coded in accordance with Table 6.2.5.1. 


K-Factor Range K-5.6 


Percent of 

Nominal 
Thread 
Discharge Type 


Table 6.2.3.1 Sprinkler Discharge Characteristics Identification 
Nominal 
K-Factor Nominal K-Factor K-Factor Range 
Igpm/ (psi) ””1  [L/min/(bar)'/*]  [gpm/(psi)'/*]_ [L/min/(bar)'/?] 
1.4 20 1.3-1.5 19-22 
1.9 27 1.8-2.0 26-29 
2.8 40 2.6-2.9 38-42 
4.2 57 4.0-4.4 59-64 
5.6 80 5.3-5.8 76-84 
8.0 115 7.4-8.2 107-118 
11.2 160 10.7-11.7 159-166 
14.0 200 13.5-14.5 195-209 
16.8 240 16.0-17.6 231-254 
19.6 280 18.6-20.6 272-301 
22.4 320 21.3-23.5 311-343 
25.2 360 23.9-26.5 349-387 
28.0 400 26.6-29.4 389-430 


25 win. NPT 

33.3 % in. NPT 

50 % in. NPT 

75 % in. NPT 

100 win. NPT 

140 Yin. NPT 
or 

% in. NPT 

200 win. NPT 
or 

Yain. NPT 

250 Ya in. NPT 

300 Ya in. NPT 

350 lin. NPT 

400 lin. NPT 

450 lin. NPT 

500 lin. NPT 
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Table 6.2.5.1 Temperature Ratings, Classifications, and Color Codings 


Maximum 
Ceiling 
Temperature Temperature Rating 
Temperature Glass Bulb 

°F °C °F °C Classification Color Code Colors 

100 38 135-170 57-77 Ordinary Uncolored or Orange or red 
black 

150 66 175-225 79-107 Intermediate White Yellow or green 
225 107 250-300 121-149 High Blue Blue 
300 149 325-375 163-191 Extra high Red Purple 
375 191 400-475 204-246 Very extra high Green Black 
475 246 500-575 260-302 Ultra high Orange Black 
625 329 650 343 Ultra high Orange Black 


6.2.6 Special Coatings. 
6.2.6.1" Corrosion Resistant. 


6.2.6.1.1 Listed corrosion-resistant sprinklers shall be in- 
stalled in locations where chemicals, moisture, or other corro- 
sive vapors sufficient to cause corrosion of such devices exist. 


6.2.6.1.2* Unless the requirements of 6.2.6.1.3 are met, 
corrosion-resistant coatings shall be applied only by the manu- 
facturer of the sprinkler and in accordance with the require- 
ments of 6.2.6.1.3. 


6.2.6.1.3 Any damage to the protective coating occurring at 
the time of installation shall be repaired at once using only the 
coating of the manufacturer of the sprinkler in the approved 
manner so that no part of the sprinkler will be exposed after 
installation has been completed. 


6.2.6.2* Painting. 


6.2.6.2.1 Sprinklers shall only be painted by the sprinkler 
manufacturer. 


6.2.6.2.2 Where sprinklers have had paint applied by other 
than the sprinkler manufacturer, they shall be replaced with 
new listed sprinklers of the same characteristics, including ori- 
fice size, thermal response, and water distribution. 


6.2.6.3 Ornamental Finishes. 


6.2.6.3.1 Ornamental finishes shall only be applied to sprin- 
klers and, if applicable, their concealed cover plates, by the 
sprinkler manufacturer. 


6.2.6.3.2 Sprinklers with ornamental finishes where utilized 
shall be specifically listed. 


6.2.6.4 Protective Coverings. 


6.2.6.4.1 Sprinklers protecting spray areas and mixing rooms 
in resin application areas shall be protected against overspray 
residue so that they will operate in the event of fire. 


6.2.6.4.2* Where protected in accordance with 6.2.6.4.1, cel- 
lophane bags having a thickness of 0.003 in. (0.076 mm) or 
less or thin paper bags shall be used. 


6.2.6.4.3 Coverings shall be replaced periodically so that 
heavy deposits of residue do not accumulate. 


6.2.6.4.4 Sprinklers that have been painted or coated shall be 
replaced in accordance with the requirements of 6.2.6.2.2. 
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6.2.7 Escutcheons and Cover Plates. 


6.2.7.1 Plates, escutcheons, or other devices used to cover the 
annular space around a sprinkler shall be metallic or shall be 
listed for use around a sprinkler. 


6.2.7.2” Escutcheons used with recessed, flush-type, or con- 
cealed sprinklers shall be part of a listed sprinkler assembly. 


6.2.7.3 Cover plates used with concealed sprinklers shall be 
part of the listed sprinkler assembly. 


6.2.8 Guards. Sprinklers subject to mechanical injury shall be 
protected with listed guards. 


6.2.9 Stock of Spare Sprinklers. 


6.2.9.1“ A supply of at least six spare sprinklers (never fewer 
than six) shall be maintained on the premises so that any 
sprinklers that have operated or been damaged in any way can 
be promptly replaced. 


6.2.9.2 The sprinklers shall correspond to the types and tem- 
perature ratings of the sprinklers in the property. 


6.2.9.3 The sprinklers shall be kept in a cabinet located 
where the temperature to which they are subjected will at no 
time exceed 100°F (38°C). 


6.2.9.4 Where dry sprinklers of different lengths are in- 
stalled, spare dry sprinklers shall not be required, provided 
that a means of returning the system to service is furnished. 


6.2.9.5 The stock of spare sprinklers shall include all types 
and ratings installed and shall be as follows: 


(1) For protected facilities having under 300 sprinklers — no 
fewer than six sprinklers 

(2) For protected facilities having 300 to 1000 sprinklers — 
no fewer than 12 sprinklers 

(3) For protected facilities having over 1000 sprinklers — no 
fewer than 24 sprinklers 


6.2.9.6* One sprinkler wrench as specified by the sprinkler 
manufacturer shall be provided in the cabinet for each type of 
sprinkler installed to be used for the removal and installation 
of sprinklers in the system. 


6.2.9.7 A list of the sprinklers installed in the property shall 
be posted in the sprinkler cabinet. 
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6.2.9.7.1* The list shall include the following: 


(1) Sprinkler Identification Number (SIN) if equipped; or 
the manufacturer, model, orifice, deflector type, thermal 
sensitivity, and pressure rating 

(2) General description 

(3) Quantity of each type to be contained in the cabinet 

(4) Issue or revision date of the list 


6.3 Aboveground Pipe and Tube. 
6.3.1 General. 


6.3.1.1 Pipe or tube shall meet or exceed one of the stan- 
dards in Table 6.3.1.1 or be in accordance with 6.3.6. 


Table 6.3.1.1 Pipe or Tube Materials and Dimensions 


Materials and Dimensions Standard 

Ferrous Piping (Welded and 
Seamless) 
Specification for black and ASTM A 795 
hot-dipped zinc-coated 
(galvanized) welded and seamless 
steel pipe for fire protection use 

Specification for welded and 
seamless steel pipe 

Wrought steel pipe 

Specification for electric- 
resistance-welded steel pipe 


ANSI/ASTM A 53 
ANSI/ASME B36.10M 
ASTM A 135 

Copper Tube (Drawn, Seamless) 


Specification for seamless copper tube ASTM B 75 


Specification for seamless copper ASTM B 88 
water tube 
Specification for general ASTM B 251 


requirements for wrought seamless 
copper and copper-alloy tube 

Fluxes for soldering applications of ASTM B 813 
copper and copper-alloy tube 

Brazing filler metal (classification 
BCuP-3 or BCuP-4) 

Solder metal, Section 1: Solder alloys ASTM B 32 
containing less than 0.2% lead 
and having solidus temperatures 
greater than 400°F 

Alloy materials 


AWS A5.8 


ASTM B 446 


6.3.1.2 Steel pipe shall be in accordance with 6.3.2, 6.3.3, or 
6.3.4. 


6.3.1.3 Copper tube shall be in accordance with 6.3.5. 


6.3.1.4 Chlorinated polyvinyl chloride (CPVC) shall be in ac- 
cordance with 6.3.6 and with the portions of the ASTM stan- 
dards specified in Table 6.3.6.1 that apply to fire protection 
service. 


6.3.2* Steel Pipe — Welded or Roll-Grooved. When steel pipe 
referenced in Table 6.3.1.1 is used and joined by welding as 
referenced in 6.5.2 or by roll-grooved pipe and fittings as ref- 
erenced in 6.5.3, the minimum nominal wall thickness for 
pressures up to 300 psi (20.7 bar) shall be in accordance with 
Schedule 10 for pipe sizes up to 5 in. (125 mm), 0.134 in. 


(3.40 mm) for 6 in. (150 mm) pipe, 0.188 in. (4.78 mm) for 
8 in. and 10 in. (200 mm and 250 mm) pipe, and 0.330 in. 
(8.38 mm) for 12 in. (300 mm) pipe. 


6.3.3 Steel Pipe — Threaded. When steel pipe referenced in 
Table 6.3.1.1 is joined by threaded fittings referenced in 6.5.1 or 
by fittings used with pipe having cut grooves, the minimum wall 
thickness shall be in accordance with Schedule 30 pipe [in sizes 
8 in. (200 mm) and larger] or Schedule 40 pipe [in sizes less than 
8 in. (200 mm) ] for pressures up to 300 psi (20.7 bar). 


6.3.4 Specially Listed Steel Pipe. Pressure limitations and wall 
thickness for steel pipe specially listed in accordance with 
6.3.6 shall be permitted to be in accordance with the pipe 
listing requirements. 


6.3.5* Copper Tube. Copper tube as specified in the standards 
listed in Table 6.3.1.1 shall have a wall thickness of Type K, 
Type L, or Type M where used in sprinkler systems. 


6.3.6* Listed Pipe and Tubing. 


6.3.6.1 Other types of pipe or tube investigated for suitability 
in automatic sprinkler installations and listed for this service, 
including but not limited to CPVC and steel, and differing 
from that provided in Table 6.3.1.1 or Table 6.3.6.1 shall be 
permitted where installed in accordance with their listing limi- 
tations, including installation instructions. 


Table 6.3.6.1 Specially Listed Pipe or Tube Materials and 


Dimensions 


Materials and Dimensions Standard 


Nonmetallic piping specification for ASTM F 442 
special listed chlorinated 


polyvinyl chloride (CPVC) pipe 


6.3.6.2 Pipe or tube listed for light hazard occupancies shall 
be permitted to be installed in ordinary hazard rooms of oth- 
erwise light hazard occupancies where the room does not ex- 
ceed 400 ft? (37 m”). 


6.3.6.3 Pipe or tube shall not be listed for portions of an 
occupancy classification. 


6.3.6.4 Bending of listed pipe and tubing shall be permitted 
as allowed by the listing. 


6.3.7 Pipe and Tube Bending. 


6.3.7.1 Bending of Schedule 10 steel pipe, or any steel pipe of 
wall thickness equal to or greater than Schedule 10 and Types K 
and Lcopper tube, shall be permitted when bends are made with 
no kinks, ripples, distortions, or reductions in diameter or any 
noticeable deviations from round. 


6.3.7.2 For Schedule 40 and copper tubing, the minimum ra- 
dius of a bend shall be six pipe diameters for pipe sizes 2 in. 
(50 mm) and smaller and five pipe diameters for pipe sizes 2 in. 
(65 mm) and larger. 


6.3.7.3 For all other steel pipe, the minimum radius of a bend 
shall be 12 pipe diameters for all sizes. 


6.3.8 Pipe and Tube Identification. 


6.3.8.1* All pipe, including specially listed pipe allowed by 
6.3.6, shall be marked along its length by the manufacturer in 
such a way as to properly identify the type of pipe. 
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6.3.8.2 The marking shall be visible on every piece of pipe 
over 2 ft (610 mm) long. 


6.3.8.3 Pipe identification shall include the manufacturer’s 
name, model designation, or schedule. 


6.4 Fittings. 


6.4.1 Fittings used in sprinkler systems shall meet or exceed the 
standards in Table 6.4.1 or be in accordance with 6.4.2 or 6.4.3. 


Table 6.4.1 Fittings Materials and Dimensions 


Materials and Dimensions Standard 
Cast Iron 

Cast iron threaded fittings, Class 125 ASME B16.4 
and 250 

Cast iron pipe flanges and flanged ASME B16.1 
fittings 

Malleable Iron 

Malleable iron threaded fittings, ASME B16.3 
Class 150 and 300 steel 

Factory-made wrought steel buttweld ASME B16.9 
fittings 

Buttwelding ends for pipe, valves, ASME B16.25 
flanges, and fittings 

Specification for piping fittings of ASTM A 234 
wrought carbon steel and alloy steel for 
moderate and elevated temperatures 

Steel pipe flanges and flanged fittings ASME B16.5 

Forged steel fittings, socket welded and ASME B16.11 
threaded copper 

Wrought copper and copper alloy solder ASME B16.22 
joint pressure fittings 

Cast copper alloy solder joint pressure ASME B16.18 


fittings 


6.4.2 In addition to the standards in Table 6.4.1, CPVC fit- 
tings shall also be in accordance with 6.4.3 and with the por- 
tions of the ASTM standards specified in Table 6.4.3 that apply 
to fire protection service. 


6.4.3* Other types of fittings investigated for suitability in au- 
tomatic sprinkler installations and listed for this service in- 
cluding, but not limited to, CPVC, and steel differing from 
that provided in Table 6.4.3, shall be permitted when installed 
in accordance with their listing limitations, including installa- 
tion instructions. 


6.4.4* Fitting Pressure Limits. 


6.4.4.1 Standard weight pattern cast-iron fittings 2 in. (50 mm) 
in size and smaller shall be permitted where pressures do not 
exceed 300 psi (20.7 bar). 


6.4.4.2 Standard weight pattern malleable iron fittings 6 in. 
(150 mm) in size and smaller shall be permitted where pres- 
sures do not exceed 300 psi (20.7 bar). 


6.4.4.3 Listed fittings shall be permitted for system pressures 
up to the limits specified in their listings. 
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Table 6.4.3 Specially Listed Fittings Materials and 
Dimensions 


Materials and Dimensions Standard 
Chlorinated polyvinyl chloride (CPVC) ASTM F 437 
specification for Schedule 80 CPVC 
threaded fittings 
Specification for Schedule 40 CPVC ASTM F 438 
socket-type fittings 
Specification for Schedule 80 CPVC ASTM F 439 
socket-type fittings 


6.4.4.4 Fittings not meeting the requirements of 6.4.4.1 
through 6.4.4.3 shall be extra-heavy pattern where pressures 
exceed 175 psi (12.1 bar). 


6.4.5* Couplings and Unions. 
6.4.5.1 Screwed unions shall not be used on pipe larger than 
2 in. (50 mm). 


6.4.5.2 Couplings and unions of other than screwed-type 
shall be of types listed specifically for use in sprinkler systems. 


6.4.6 Reducers and Bushings. 


6.4.6.1 Unless the reguirements of 6.4.6.2 or 6.4.6.3 are met, 
a one-piece reducing fitting shall be used wherever a change is 
made in the size of the pipe. 


6.4.6.2 Hexagonal or face bushings shall be permitted in re- 
ducing the size of openings of fittings when standard fittings 
of the reguired size are not available. 


6.4.6.3 Hexagonal bushings as permitted in 8.15.19.2 shall be 
permitted to be used. 


6.4.6.4 The reguirements of 6.4.6.1 and 6.4.6.2 shall not ap- 
ply to CPVC fittings. 

6.5 Joining of Pipe and Fittings. 

6.5.1 Threaded Pipe and Fittings. 


6.5.1.1 All threaded pipe and fittings shall have threads cut to 
ASME B1.20.1, Pipe Threads, General Purpose (Inch). 


6.5.1.2* Steel pipe with wall thicknesses less than Schedule 30 
[in sizes 8 in. (200 mm) and larger] or Schedule 40 [in sizes 
less than 8 in. (200 mm)] shall only be permitted to be joined 
by threaded fittings where the threaded assembly is investi- 
gated for suitability in automatic sprinkler installations and 
listed for this service. 


6.5.1.3 Joint compound or tape shall be applied only to male 
threads. 


6.5.2 Welded Pipe and Fittings. 
6.5.2.1 General. 


6.5.2.1.1 Welding shall be permitted as a means of joining 
sprinkler piping in accordance with 6.5.2.2 through 6.5.2.6. 


6.5.2.2* Fabrication. 


6.5.2.2.1 When welding sprinkler pipe, the pipe shall be shop 
welded unless the requirements of 6.5.2.2 or 6.5.2.3 are met. 


6.5.2.2.2 Where the design specifications require any part of 
the piping system to be welded in place, welding of sprinkler 
piping shall be permitted where the welding process is per- 


Posted by Public.Resource.Org. Not affiliated with NFPA 


SYSTEM COMPONENTS AND HARDWARE 13-31 


formed in accordance with NFPA 51B, Standard for Fire Preven- 
tion During Welding, Cutting, and Other Hot Work, and the me- 
chanical fittings required by 8.15.21 and 8.16.3 are provided. 


6.5.2.2.3 Tabs for longitudinal earthquake bracing shall be 
permitted to be welded to in-place piping where the welding 
process is performed in accordance with NFPA 51B, Standard 
for Fire Prevention During Welding, Cutting, and Other Hot Work. 


6.5.2.2.4 Welding shall not be performed where there is im- 
pingement of rain, snow, sleet, or high wind on the weld area 
of the pipe product. 


6.5.2.2.5 Torch cutting and welding shall not be permitted as 
a means of modifying or repairing sprinkler systems. 


6.5.2.3 Fittings. 


6.5.2.3.1* Welded fittings used to join pipe shall be listed fabri- 
cated fittings or manufactured in accordance with Table 6.4.1. 


6.5.2.3.2 Fittings referenced in 6.5.2.3.1 shall be joined in 
conformance with a qualified welding procedure as set forth 
in this section and shall be an acceptable product under this 
standard, provided that materials and wall thickness are com- 
patible with other sections of this standard. 


6.5.2.3.3 Fittings shall not be required where pipe ends are 
buttwelded in accordance with the requirements of 6.5.2.4.2. 


6.5.2.3.4 When the pipe size in a run of piping is reduced, a 
reducing fitting designed for that purpose shall be used in 
accordance with the requirements of 6.5.2.3.1. 


6.5.2.4 Welding Requirements. 


6.5.2.4.1* Welds between pipe and welding outlet fittings shall 
be permitted to be attached by full penetration welds, partial 
penetration groove welds, or fillet welds. The minimum throat 
thickness shall be not less than the thickness of the pipe, the 
thickness of the welding fitting, or Yis in. (4.8 mm), whichever 
is least. 


6.5.2.4.2* Circumferential butt joints shall be cut, beveled, 
and fit so that full penetration is achievable. Full penetration 
welding shall not be required. 


6.5.2.4.3 Where slip-on flanges are welded to pipe with a 
single fillet weld, the weld shall be on the hub side of the 
flange and the minimum throat weld thickness shall not be 
less than 1.25 times the pipe wall thickness or the hub thick- 
ness, whichever is less. 


6.5.2.4.4 Face welds on the internal face of the flange shall be 
permitted as a water seal in addition to the hub weld required 
in 6.5.2.4.3. 


6.5.2.4.5 Tabs for longitudinal earthquake bracing shall have 
minimum throat weld thickness not less than 1.25 times the 
pipe wall thickness and welded on both sides of the longest 
dimension. 


6.5.2.4.6 When welding is performed, the following shall apply: 


(1) Holes in piping for outlets shall be cut to the full inside 
diameter of fittings prior to welding in place of the fit- 
tings. 

(2) Discs shall be retrieved. 

(3) Openings cut into piping shall be smooth bore, and all 
internal slag and welding residue shall be removed. 

(4) Fittings shall not penetrate the internal diameter of the 


piping. 


(5) Steel plates shall not be welded to the ends of piping or 
fittings. 

(6) Fittings shall not be modified. 

(7) Nuts, clips, eye rods, angle brackets, or other fasteners 
shall not be welded to pipe or fittings, except as permitted 
in 6.5.2.2.3 and 6.5.2.4.5. 

(8) Completed welds shall be free from cracks, incomplete 
fusion, surface porosity greater than Vic in. (1.6 mm) di- 
ameter, and undercut deeper than 25 percent of the wall 
thickness or ¥% in. (0.8 mm), whichever is less. 

(9) Completed circumferential butt weld reinforcement shall 
not exceed %2 in. (2.4 mm). 


6.5.2.5 Qualifications. 


6.5.2.5.1 A welding procedure shall be prepared and qualified 
by the contractor or fabricator before any welding is done. 


6.5.2.5.2 Qualification of the welding procedure to be used 
and the performance of all welders and welding operators 
shall be required and shall meet or exceed the requirements 
of AWS B2.1, Specification for Welding Procedure and Performance 
Qualification; ASME Boiler and Pressure Vessel Code, Section IX, 
Welding and Brazing Qualifications, or other applicable qualifi- 
cation standard as required by the authority having jurisdic- 
tion, except as permitted by 6.5.2.5.3. 


6.5.2.5.3 Successful procedure qualification of complete 
joint penetration groove welds shall qualify partial joint pen- 
etration (groove/fillet) welds and fillet welds in accordance 
with the provisions of this standard. 


6.5.2.5.4 Welding procedures qualified under standards rec- 
ognized by previous editions of this standard shall be permit- 
ted to be continued in use. 


6.5.2.5.5 Contractors or fabricators shall be responsible for 
all welding they produce. 


6.5.2.5.6 Each contractor or fabricator shall have available to 
the authority having jurisdiction an established written quality 
assurance procedure ensuring compliance with the require- 
ments of 6.5.2.4. 


6.5.2.6 Records. 


6.5.2.6.1 Welders or welding machine operators shall, upon 
completion of each welded pipe, place their identifiable mark 
or label onto each piece adjacent to a weld. 


6.5.2.6.2 Contractors or fabricators shall maintain certified 
records, which shall be available to the authority having juris- 
diction, of the procedures used and the welders or welding 
machine operators employed by them, along with their weld- 
ing identification. 


6.5.2.6.3 Records shall show the date and the results of pro- 
cedure and performance qualifications. 


6.5.3 Groove Joining Methods. 


6.5.3.1* Pipe joined with grooved couplings shall be joined by a 
listed combination of couplings, gaskets, and groove dimensions. 


6.5.3.2* Grooved connections of fittings and valves, and grooves 
cut or rolled on pipe shall be dimensionally compatible with the 
couplings. 


6.5.3.3 Grooved couplings, including gaskets used on dry 
pipe, preaction, and deluge systems, shall be listed for dry pipe 


service. 
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6.5.4* Brazed and Soldered Joints. 


6.5.4.1 Solder joints, where permitted, shall be fabricated 
in accordance with the methods and procedures listed in 
ASTM B 828, Standard Practice for Making Capillary Joints by 
Soldering of Copper and Copper Alloy Tube and Fittings. 


6.5.4.2 Unless the requirements of 6.5.4.3 or 6.5.4.4 are met, 
joints for the connection of copper tube shall be brazed. 


6.5.4.3 Solder joints shall be permitted for exposed wet pipe 
systems in light hazard occupancies where the temperature 
classification of the installed sprinklers is of the ordinary- or 
intermediate-temperature classification. 


6.5.4.4 Solder joints shall be permitted for wet pipe systems 
in light hazard and ordinary hazard (Group 1) occupancies 
where the piping is concealed, irrespective of sprinkler tem- 
perature ratings. 


6.5.4.5* Soldering fluxes shall be in accordance with Table 
6.3.1.1. 


6.5.4.6 Brazing fluxes, if used, shall not be of a highly corro- 
sive type. 
6.5.5 Other Joining Methods. 


6.5.5.1 Other joining methods investigated for suitability in 
automatic sprinkler installations and listed for this service 
shall be permitted where installed in accordance with their 
listing limitations, including installation instructions. 


6.5.5.2 Outlet Fittings. Rubber-gasketed outlet fittings that are 
used on sprinkler systems shall meet the following requirements: 


(1) Be installed in accordance with the listing and manufac- 
turer’s installation instructions 

(2) Have all disks retrieved 

(3) Have smooth bores cut into the pipe, with all cutting resi- 
due removed 

(4) Not be modified 


6.5.6 End Treatment. 


6.5.6.1 After cutting, pipe ends shall have burrs and fins re- 
moved. 


6.5.6.2 Pipe used with listed fittings and its end treatment 
shall be in accordance with the fitting manufacturer’s installa- 
tion instructions and the fitting’s listing. 


6.6* Hangers. Hangers shall be in accordance with the re- 
quirements of Section 9.1. 


6.7 Valves. 
6.7.1 General. 


6.7.1.1 Valve Pressure Requirements. When water pressures 
exceed 175 psi (12.1 bar), valves shall be used in accordance 
with their pressure ratings. 


6.7.1.2 Valve Closure Time. Listed indicating valves shall not 
close in less than 5 seconds when operated at maximum pos- 
sible speed from the fully open position. 


6.7.1.3 Listed Indicating Valves. Unless the requirements of 
6.7.1.3.1, 6.7.1.3.2, or 6.7.1.3.3 are met, all valves controlling 
connections to water supplies and to supply pipes to sprinklers 
shall be listed indicating valves. 


6.7.1.3.1 A listed underground gate valve equipped with a 
listed indicator post shall be permitted. 
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6.7.1.3.2 A listed water control valve assembly with a reliable 
position indication connected to a remote supervisory station 
shall be permitted. 


6.7.1.3.3 Anonindicating valve, such as an underground gate 
valve with approved roadway box, complete with T-wrench, 
and where accepted by the authority having jurisdiction, shall 
be permitted. 


6.7.2 Wafer-Type Valves. Wafer-type valves with components 
that extend beyond the valve body shall be installed in a man- 
ner that does not interfere with the operation of any system 
components. 


6.7.3 Drain Valves and Test Valves. Drain valves and test valves 
shall be approved. 


6.7.4" Identification of Valves. 


6.7.4.1 All control, drain, and test connection valves shall be 
provided with permanently marked weatherproof metal or 
rigid plastic identification signs. 


6.7.4.2 The identification sign shall be secured with 
corrosion-resistant wire, chain, or other approved means. 


6.7.4.3 The control valve sign shall identify the portion of the 
building served. 


6.7.4.3.1* Systems that have more than one control valve that 
must be closed to work on a system or space shall have a sign 
referring to existence and location of other valves. 


6.8 Fire Department Connections. 


6.8.1* Unless the requirements of 6.8.1.1, 6.8.1.2, or 6.8.1.3 
are met, the fire department connection(s) shall consist of two 
2% in. (65 mm) connections using NH internal threaded 
swivel fitting(s) with “2.5-7.5 NH standard thread,” as speci- 
fied in NFPA 1963, Standard for Fire Hose Connections. 


6.8.1.1 Where local fire department connections do not con- 
form to NFPA 1963, Standard for Fire Hose Connections, the au- 
thority having jurisdiction shall be permitted to designate the 
connection to be used. 


6.8.1.2 The use of threadless couplings shall be permitted 
where required by the authority having jurisdiction and where 
listed for such use. 


6.8.1.3 A single-outlet fire department connection shall be 
acceptable where piped to a 3 in. (80 mm) or smaller riser. 


6.8.2 Fire department connections shall be equipped with 
approved plugs or caps, properly secured and arranged for 
easy removal by fire departments. 


6.8.3 Fire department connections shall be of an approved type. 
6.9 Waterflow Alarm Devices. 


6.9.1 General. Waterflow alarm devices shall be listed for the 
service and so constructed and installed that any flow of water 
from a sprinkler system equal to or greater than that from a 
single automatic sprinkler of the smallest orifice size installed 
on the system will result in an audible alarm on the premises 
within 5 minutes after such flow begins and until such flow 
stops. 


6.9.2 Waterflow Detecting Devices. 


6.9.2.1 Wet Pipe Systems. The alarm apparatus for a wet pipe 
system shall consist of a listed alarm check valve or other listed 
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waterflow-detecting alarm device with the necessary attach- 
ments required to give an alarm. 


6.9.2.2 Dry Pipe Systems. 


6.9.2.2.1 The alarm apparatus for a dry pipe system shall con- 
sist of listed alarm attachments to the dry pipe valve. 


6.9.2.2.2 Where a dry pipe valve is located on the system side 
of an alarm valve, connection of the actuating device of the 
alarms for the dry pipe valve to the alarms on the wet pipe 
system shall be permitted. 


6.9.2.3 Preaction and Deluge Systems. The alarm apparatus 
for deluge and preaction systems shall consist of alarms actuated 
independently by the detection system and the flow of water. 


6.9.2.3.1 Deluge and preaction systems activated by pilot sprin- 
klers shall not require an independent detection system alarm. 


6.9.2.4* Paddle-Type Waterflow Devices. Paddle-type water- 
flow alarm indicators shall be installed in wet systems only. 


6.9.3 Attachments — General. 


6.9.3.1* An alarm unit shall include a listed mechanical alarm, 
horn, or siren or a listed electric gong, bell, speaker, horn, or 
siren. 


6.9.3.2* Outdoor water motor-operated or electrically oper- 
ated bells shall be weatherproofed and guarded. 


6.9.3.3 All piping to water motor-operated devices shall be 
galvanized steel, brass, copper, or other approved metallic 
corrosion-resistant material of not less than Y4 in. (20 mm) 
nominal pipe size. 


6.9.3.4 Piping between the sprinkler system and a pressure- 
actuated alarm-initiating device shall be galvanized steel, 
brass, copper, or other approved metallic corrosion-resistant 
material of not less than % in. (10 mm) nominal pipe size. 


6.9.4* Attachments — Electrically Operated. 


6.9.4.1 Electrically operated alarm attachments forming part 
of an auxiliary, central station, local protective, proprietary, or 
remote station signaling system shall be installed in accor- 
dance with NFPA 72, National Fire Alarm and Signaling Code. 


6.9.4.2 Sprinkler waterflow alarm systems that are not part of 
a required protective signaling system shall not be required to 
be supervised and shall be installed in accordance with 
NFPA 70, National Electrical Code, Article 760. 


6.9.4.3 Outdoor electric alarm devices shall be listed for out- 
door use. 


6.9.5 Alarm Device Drains. Drains from alarm devices shall be 
so arranged that there will be no overflowing at the alarm appa- 
ratus, at domestic connections, or elsewhere with the sprinkler 
drains wide open and under system pressure. (See 8.16.2.6.) 


Chapter 7 System Requirements 


7.1 Wet Pipe Systems. 
7.1.1 Pressure Gauges. 


7.1.1.1 A listed pressure gauge conforming to 8.17.3 shall be 
installed in each system riser. 


7.1.1.2 Pressure gauges shall be installed above and below 
each alarm check valve or system riser check valve where such 
devices are present. 


7.1.1.2.1 Pressure gauges below check valves required by 
8.17.5.2.2(1) shall not be required. 


7.1.2 Relief Valves. 


7.1.2.1 Unless the requirements of 7.1.2.2 are met, a wet pipe 
system shall be provided with a listed relief valve not less than 
¥% in. (12 mm) in size and set to operate at 175 psi (12.1 bar) 
or 10 psi (0.7 bar) in excess of the maximum system pressure, 
whichever is greater. 


7.1.2.2 Where auxiliary air reservoirs are installed to absorb 
pressure increases, a relief valve shall not be required. 


7.1.3 Auxiliary Systems. A wet pipe system shall be permitted 
to supply an auxiliary dry pipe, preaction, or deluge system, 
provided the water supply is adequate. 


7.2* Dry Pipe Systems. 


7.2.1 Pressure Gauges. Listed pressure gauges conforming 
with 8.17.3 shall be connected as follows: 


(1) On the water side and air side of the dry pipe valve 

(2) At the air pump supplying the air receiver where one is 
provided 

(3) At the air receiver where one is provided 

(4) In each independent pipe from air supply to dry pipe system 

(5) At accelerators 


7.2.2 Sprinklers. The following types of sprinklers and ar- 
rangements shall be permitted for dry pipe systems: 


(1) Upright sprinklers 

(2)*Listed dry sprinklers 

(3) Pendent sprinklers and sidewall sprinklers installed on re- 
turn bends, where the sprinklers, return bend, and 
branch line piping are in an area maintained at or above 
40°F (4°C) 

(4) Horizontal sidewall sprinklers installed so that water is not 
trapped 

(5) Pendent sprinklers and sidewall sprinklers, where the 
sprinklers and branch line piping are in an area main- 
tained at or above 40°F (4°C), the water supply is potable, 
and the piping for the dry pipe system is copper or CPVC 
specifically listed for dry pipe applications 


7.2.3* Size of Systems. 


7.2.3.1* The system capacity (volume) controlled by a dry pipe 
valve shall be determined by 7.2.3.2, 7.2.3.3, 7.2.3.4, 7.2.3.5, or 
123: 


7.2.3.1.1 Dry pipe systems protecting dwelling unit portions 
of any occupancy shall not be permitted to use the options 
outlined in 7.2.3.3 or 7.2.3.4. 


7.2.3.2 System size shall be such that initial water is dis- 
charged from the system test connection in not more than 
60 seconds, starting at the normal air pressure on the system 
and at the time of fully opened inspection test connection. 


7.2.3.3 A system size of not more than 500 gal (1893 L) shall 
be permitted without a quick-opening device and shall not be 
required to meet any specific water delivery requirement to 
the inspection test connection. 


7.2.3.4 A system size of not more than 750 gal (2839 L) shall 
be permitted with a quick-opening device and shall not be 
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required to meet any specific water delivery requirement to 
the inspection test connection. 


7.2.3.5 System size shall be based on dry pipe systems being 
calculated for water delivery in accordance with 7.2.3.6. 


7.2.3.6 Dry Pipe System Water Delivery. 


7.2.3.6.1 Calculations for dry pipe system water delivery shall 
be based on the hazard shown in Table 7.2.3.6.1. 


Table 7.2.3.6.1 Dry Pipe System Water Delivery 


Number of Most Maximum Time of 
Remote Sprinklers Water Delivery 
Hazard Initially Open (seconds) 
Light 1 60 
Ordinary I 2 50 
Ordinary II 2 50 
Extra I 4 45 
Extra II 4 45 
High piled 4 40 


7.2.3.6.2 The calculation program and method shall be listed 
by a nationally recognized testing laboratory. 


7.2.3.6.3 For dry pipe systems protecting dwelling unit por- 
tions of any occupancy, the sprinklers in the dwelling unit 
shall have a maximum water delivery time of 15 seconds to the 
single most remote sprinkler. 


7.2.3.6.4 Residential sprinklers shall be listed for dry pipe 
applications. 


7.2.3.7* System size shall be such that initial water discharge 
from the system trip test connection or manifold outlets is not 
more than the maximum time of water delivery specified in 
Table 7.2.3.6.1, starting at normal air pressure on the system 
and at the time of fully opened test connection. 


7.2.3.7.1 When flow is from four sprinklers, the test manifold 
shall be arranged to simulate two sprinklers on each of two 
sprinkler branch lines. 


7.2.3.7.2 When flow is from three sprinklers, the test mani- 
fold shall be arranged to simulate two sprinklers on the most 
remote branch line and one sprinkler on the next adjacent 
branch line. 


7.2.3.7.3 When flow is from two sprinklers, the test manifold 
shall be arranged to simulate two sprinklers on the most re- 
mote branch line. 


7.2.3.7.4 When flow is from one sprinkler, the test manifold 
shall be installed as per the requirements for a trip test con- 
nection in accordance with 8.17.4.3. 


7.2.3.7.5 A system meeting the requirements of this section 
shall not be required to also meet the requirements of 7.2.3.2 
or 7.2.3.5. 


7.2.3.8 Dry pipe systems with water delivery times other than 
7.2.3.2, 7.2.3.5, and 7.2.3.7 shall be acceptable where listed by 
a nationally recognized testing laboratory. 


7.2.3.9 Unless installed in a heated enclosure, check valves 
shall not be used to subdivide the dry pipe systems. 


7.2.3.10 Gridded dry pipe systems shall not be installed. 
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7.2.4 Quick-Opening Devices. 


7.2.4.1 A listed quick-opening device shall be permitted to help 
meet the requirements of 7.2.3.2, 7.2.3.5, 7.2.3.7, or 7.2.3.8. 


7.2.4.2 The quick-opening device shall be located as close as 
practical to the dry pipe valve. 


7.2.4.3 To protect the restriction orifice and other operating 
parts of the quick-opening device against submergence, the 
connection to the riser shall be above the point at which water 
(priming water and back drainage) is expected when the dry 
pipe valve and quick-opening device are set, except where de- 
sign features of the particular quick-opening device make 
these requirements unnecessary. 


7.2.4.4 Where a valve is installed in the connection between a 
dry pipe sprinkler riser and a quick-opening device, it shall be 
an indicating-type valve that is sealed, locked, or electrically 
supervised in the open position. 


7.2.4.5 A check valve shall be installed between the quick- 
opening device and the intermediate chamber of the dry pipe 
valve, where the quick-opening device requires protection 
against submergence after system operation. 


7.2.4.6 If the quick-opening device requires pressure feed- 
back from the intermediate chamber, a valve type that will 
clearly indicate whether it is opened or closed shall be permit- 
ted in place of that check valve. 


7.2.4.7 Where a valve is utilized in accordance with 7.2.4.6, 
the valve shall be constructed so that it can be locked or sealed 
in the open position. 


7.2.4.8 Antiflooding Device. 


7.2.4.8.1 Unless the requirements of 7.2.4.8.2 are met, a listed 
antiflooding device shall be installed in the connection between 
the dry pipe sprinkler riser and the quick-opening device. 


7.2.4.8.2 A listed antiflooding device shall not be required 
where the quick-opening device has built-in antiflooding de- 
sign features. 


7.2.5* Location and Protection of Dry Pipe Valve. 


7.2.5.1* General. The dry pipe valve and supply pipe shall be 
protected against freezing and mechanical injury. 


7.2.5.2 Valve Rooms. 
7.2.5.2.1 Valve rooms shall be lighted and heated. 


7.2.5.2.2 The source of heat shall be of a permanently in- 
stalled type. 


7.2.5.2.3 Heat tape shall not be used in lieu of heated valve 
enclosures to protect the dry pipe valve and supply pipe 
against freezing. 


7.2.5.3 Supply. The supply for the sprinkler in the dry pipe 
valve enclosure shall be from the dry side of the system. 


7.2.5.4 High Water Level Protection. 


7.2.5.4.1 Where it is possible to reseat the dry valve after ac- 
tuation without first draining the system, protection against 
occurrence of water above the clapper shall be permitted in 
accordance with 7.2.5.4.3. 


7.2.5.4.2 Low Differential Dry Pipe Valve. Protection against 
accumulation of water above the clapper shall be provided for 
low differential dry pipe valves in accordance with 7.2.5.4.3. 
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7.2.5.4.3 High Water Level Device. An automatic high water 
level signaling device or an automatic drain shall be permitted. 


7.2.6 Air Pressure and Supply. 


7.2.6.1 Maintenance of Air Pressure. Air or nitrogen pressure 
shall be maintained on dry pipe systems throughout the year. 


7.2.6.2* Air Supply. 


7.2.6.2.1 The compressed air supply shall be from a source 
available at all times. 


7.2.6.2.2* The air supply shall have a capacity capable of re- 
storing normal air pressure in the system within 30 minutes. 


7.2.6.2.3 The requirements of 7.2.6.2.2 shall not apply in re- 
frigerated spaces maintained below 5°F (-15”C), where nor- 
mal system air pressure shall be permitted to be restored 
within 60 minutes. 


7.2.6.3 Air Supply Connections. 


7.2.6.3.1 Connection pipe from the air supply to the dry pipe 
valve shall not be less than % in. (15 mm) in diameter and 
shall enter the system above the priming water level of the dry 
pipe valve. 


7.2.6.3.2 A check valve shall be installed in the air filling con- 
nection, and a listed or approved shutoff valve of either the 
renewable disc or ball valve type shall be installed on the sup- 
ply side of this check valve and shall remain closed unless fill- 
ing the system. 


7.2.6.4 Relief Valve. An approved relief valve shall be pro- 
vided between the air supply and the shutoff valve and shall be 
set to relieve pressure no less than 10 psi (0.7 bar) in excess of 
system air pressure provided in 7.2.6.6.1 and shall not exceed 
the manufacturer’s limitations. 


7.2.6.5 Automatic Air Maintenance. 


7.2.6.5.1* Unless the requirements of 7.2.6.5.2 are met, where 
the air supply to a dry pipe system is maintained automatically, 
the air supply shall be from a dependable plant system or an 
air compressor with an air receiver, and shall utilize an air 
maintenance device specifically listed for such service and ca- 
pable of controlling the required air pressure on, and maxi- 
mum airflow to, the dry pipe system. 


7.2.6.5.2 Where the air compressor supplying the dry pipe sys- 
tem has a capacity less than 5.5 ft/min (156 L/min) at 10 psi 
(0.7 bar), an air receiver or air maintenance device shall not be 
required. 


7.2.6.5.3 The automatic air supply to more than one dry pipe 
system shall be connected to enable individual maintenance 
of air pressure in each system. 


7.2.6.5.4 A check valve or other positive backflow prevention 
device shall be installed in the air supply to each system to 
prevent airflow or waterflow from one system to another. 


7.2.6.6 System Air Pressure. 


7.2.6.6.1 The system air pressure shall be maintained in ac- 
cordance with the instruction sheet furnished with the dry 
pipe valve, or shall be 20 psi (1.4 bar) in excess of the calcu- 
lated trip pressure of the dry pipe valve, based on the highest 
normal water pressure of the system supply. 


7.2.6.6.2 The permitted rate of air leakage shall be as speci- 
fied in 24.2.2. 


7.2.6.7 Nitrogen. Where used, nitrogen shall be introduced 
through a pressure regulator and shall be in accordance with 
7.2.6.5. 


7.3 Preaction Systems and Deluge Systems. 
7.3.1* General. 


7.3.1.1* All components of pneumatic, hydraulic, or electrical 
systems shall be compatible. 


7.3.1.2 The automatic water control valve shall be provided 
with hydraulic, pneumatic, or mechanical manual means for 
operation that is independent of detection devices and of the 
sprinklers. 


7.3.1.3 Pressure Gauges. Listed pressure gauges conforming 
with 8.17.3 shall be installed as follows: 


(1) Above and below preaction valve and below deluge valve 
(2) On air supply to preaction and deluge valves 


7.3.1.4 A supply of spare fusible elements for heat-responsive 
devices, not less than two of each temperature rating, shall be 
maintained on the premises for replacement purposes. 


7.3.1.5 Hydraulic release systems shall be designed and in- 
stalled in accordance with manufacturer’s requirements and 
listing for height limitations above deluge valves or deluge 
valve actuators to prevent water column. 


7.3.1.6 Location and Spacing of Releasing Devices. 


7.3.1.6.1 Spacing of releasing devices, including automatic 
sprinklers used as releasing devices, shall be in accordance 
with their listing and manufacturer’s specifications. 


7.3.1.6.2 The release system shall serve all areas that the pre- 
action system protects. 


7.3.1.6.3 Where thermal activation is utilized, the activation 
temperature of the release system shall be lower than the acti- 
vation temperature of the sprinkler. 


7.3.1.7 Devices for Test Purposes and Testing Apparatus. 


7.3.1.7.1 Where detection devices installed in circuits are lo- 
cated where not readily accessible for testing, an additional 
detection device shall be provided on each circuit for test pur- 
poses at an accessible location and shall be connected to the 
circuit at a point that will ensure a proper test of the circuit. 


7.3.1.7.2 Testing apparatus capable of producing the heat or 
impulse necessary to operate any normal detection device 
shall be furnished to the owner of the property with each in- 
stallation. 


7.3.1.7.3 Where explosive vapors or materials are present, 
hot water, steam, or other methods of testing not involving an 
ignition source shall be used. 


7.3.1.8 Location and Protection of System Water Control Valves. 


7.3.1.8.1 System water control valves and supply pipes shall 
be protected against freezing and mechanical injury. 


7.3.1.8.2 Valve Rooms. 
7.3.1.8.2.1 Valve rooms shall be lighted and heated. 


7.3.1.8.2.2 The source of heat shall be of a permanently in- 
stalled type. 


7.3.1.8.2.3 Heat tape shall not be used in lieu of heated valve 
enclosure rooms to protect preaction and deluge valves and 


supply pipe against freezing. 
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7.3.2 Preaction Systems. 
7.3.2.1 Preaction systems shall be one of the following types: 


(1) Asingle interlock system, which admits water to sprinkler 
piping upon operation of detection devices 

(2) A non-interlock system, which admits water to sprinkler 
piping upon operation of detection devices or automatic 
sprinklers 

(3) A double interlock system, which admits water to sprin- 
kler piping upon operation of both detection devices and 
automatic sprinklers 


7.3.2.2 Size of Systems — Single and Non-Interlock Preaction 
Systems. Not more than 1000 automatic sprinklers shall be 
controlled by any one preaction valve. 


7.3.2.3 Size of Systems — Double Interlock Preaction Systems. 


7.3.2.3.1 The system size controlled by a double interlock 
preaction valve shall be determined by either 7.3.2.3.1.1, 
7.3.2.3.1.2, 7.3.2.3.1.3, and 7.3.2.3.1.4. 


7.3.2.3.1.1 A system size for double interlock preaction sys- 
tems of not more than 500 gal (1893 L) shall be permitted and 
shall not be required to meet any specific water delivery re- 
quirement to the trip test connection. 


7.3.2.3.1.2 The system size for double interlock preaction sys- 
tems shall be designed to deliver water to the system test con- 
nection in no more than 60 seconds, starting at the normal air 
pressure on the system, with the detection system activated 
and the inspection test connection fully opened simulta- 
neously. 


7.3.2.3.1.3 The system size for double interlock preaction sys- 
tems shall be based on calculating water delivery in accor- 
dance with 7.2.3.6, anticipating that the detection system acti- 
vation and sprinkler operation will be simultaneous. 


7.3.2.3.1.4* The system size for double interlock preaction sys- 
tems shall be designed to deliver water to the system trip test 
connection or manifold outlets in not more than the maxi- 
mum time of water delivery specified in Table 7.2.3.6.1, start- 
ing at the normal air pressure on the system, with the detec- 
tion system activated and the inspection trip test connection 
or manifold opened simultaneously. 


7.3.2.3.2 Alisted quick-opening device shall be permitted to be 
used to help meet the requirements of 7.3.2.3.1.2, 7.3.2.3.1.3, 
and 7.3.2.3.1.4. 


7.3.2.4" Supervision. 


7.3.2.4.1 Sprinkler piping and fire detection devices shall be 
automatically supervised where more than 20 sprinklers are 
on the system. 


7.3.2.4.2 Except as permitted by 7.3.2.4.3, air or nitrogen su- 
pervising pressure for preaction systems shall be installed in 
conformance with the dry pipe system air pressure and supply 
rules of 7.2.6. 


7.3.2.4.3 The relief valves required by 7.2.6 shall be permitted 
to be omitted for the type of preaction system described in 
7.3.2.1(1) when the air pressure is supplied from a source that is 
not capable of developing pressures in excess of 15 psi (1.0 bar). 


7.3.2.4.4 All preaction system types described in 7.3.2.1(2) 
and 7.3.2.1(3) shall maintain a minimum supervising air or 
nitrogen pressure of 7 psi (0.5 bar). 
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7.3.2.5 Sprinklers. The following types of sprinklers and ar- 
rangements shall be permitted for preaction systems: 


(1) Upright sprinklers 

(2)*Listed dry sprinklers 

(3) Pendent sprinklers and sidewall sprinklers installed on re- 
turn bends, where the sprinklers, return bend, and 
branch line piping are in an area maintained at or above 
40°F (4°C) 

(4) Horizontal sidewall sprinklers, installed so that water is 
not trapped 

(5) Pendent sprinklers and sidewall sprinklers, where the 
sprinklers and branch line piping are in an area main- 
tained at or above 40°F (4°C), the water supply is potable, 
and the piping for the preaction system is copper or 
CPVC specifically listed for dry pipe applications 


7.3.2.6 System Configuration. Preaction systems of the type 
described in 7.3.2.1(3) and all preaction systems protecting 
storage occupancies, excluding miscellaneous storage, shall 
not be gridded. 


7.3.3* Deluge Systems. 


7.3.3.1 The detection devices or systems shall be automati- 
cally supervised. 


7.3.3.2 Deluge systems shall be hydraulically calculated. 


7.4 Combined Dry Pipe and Preaction Systems for Piers, Ter- 
minals, and Wharves. 


7.4.1 In addition to the requirements of Section 7.4, design 
and installation requirements for piers, terminals, and 
wharves shall be in accordance with Section 21.22. 


7.4.2” General. 


7.4.2.1* Combined automatic dry pipe and preaction systems 
shall be so constructed that failure of the detection system 
shall not prevent the system from functioning as a conven- 
tional automatic dry pipe system. 


7.4.2.2 Combined automatic dry pipe and preaction systems 
shall be so constructed that failure of the dry pipe system of 
automatic sprinklers shall not prevent the detection system 
from properly functioning as an automatic fire alarm system. 


7.4.2.3 Provisions shall be made for the manual operation of 
the detection system at locations requiring not more than 
200 ft (61 m) of travel. 


7.4.2.4 Sprinklers. The following types of sprinklers and ar- 
rangements shall be permitted for combined dry pipe and 
preaction systems: 


(1) Upright sprinklers 

(2)*Listed dry sprinklers 

(3) Pendent sprinklers and sidewall sprinklers installed on re- 
turn bends, where both the sprinklers and the return 
bends are located in a heated area 

(4) Horizontal sidewall sprinklers, installed so that water is 
not trapped 


7.4.3 Dry Pipe Valves in Combined Systems. 


7.4.3.1 Where the system consists of more than 600 sprinklers 
or has more than 275 sprinklers in any fire area, the entire 
system shall be controlled through two 6 in. (150 mm) dry 
pipe valves connected in parallel and shall feed into a com- 
mon feed main. 
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7.4.3.2* Where parallel dry pipe valves are required by 7.4.3.1, 
these valves shall be checked against each other. 


7.4.3.3 Each dry pipe valve shall be provided with a listed 
tripping device actuated by the detection system. 


7.4.3.4 Dry pipe valves shall be cross-connected through a 
l in. (25 mm) pipe connection to permit simultaneous trip- 
ping of both dry pipe valves. 


7.4.3.5 The 1 in. (25 mm) cross-connection pipe shall be 
equipped with an indicating valve so that either dry pipe valve 
can be shut off and worked on while the other remains in 
service. 


7.4.3.6 The check valves between the dry pipe valves and the 
common feed main shall be equipped with 4% in. (15 mm) 
bypasses so that a loss of air from leakage in the trimmings of a 
dry pipe valve will not cause the valve to trip until the pressure 
in the feed main is reduced to the tripping point. 


7.4.3.7 An indicating valve shall be installed in each of these 
bypasses so that either dry pipe valve can be completely iso- 
lated from the main riser or feed main and from the other dry 
pipe valve. 

7.4.3.8 Each combined dry pipe and preaction system shall 
be provided with listed quick-opening devices at the dry pipe 
valves. 


7.4.4 Subdivision of System Using Check Valves. 


7.4.4.1 Where more than 275 sprinklers are required in a single 
fire area, the system shall be divided into sections of 275 sprin- 
klers or fewer by means of check valves. 


7.4.4.2 Where the system is installed in more than one fire 
area or story, not more than 600 sprinklers shall be supplied 
through any one check valve. 


7.4.4.3 Each section shall have a 1% in. (32 mm) drain on the 
system side of each check valve supplemented by a dry pipe 
system auxiliary drain. 

7.4.4.4 Section drain lines and dry pipe system auxiliary drains 
shall be located in heated areas or inside heated cabinets to en- 
close drain valves and auxiliary drains for each section. 


7.4.5 Time Limitation. 


7.4.5.1 The sprinkler system shall be so constructed and the 
number of sprinklers controlled shall be so limited that water 
shall reach the farthest sprinkler within a period of time not 
exceeding | minute for each 400 ft (122 m) of common feed 
main from the time the heat-responsive system operates. 


7.4.5.2 The maximum time permitted shall not exceed 3 min- 
utes. 


7.4.6 System Test Connection. The end section shall have a 
system test connection as required for dry pipe systems. 


7.5 Multi-Cycle Systems. 


7.5.1 All multi-cycle systems shall be specifically tested and 
listed as systems. 


7.5.2 All multi-cycle systems shall be installed in compliance 
with the manufacturer’s installation instructions. 


7.6 Antifreeze Systems. 
7.6.1* General. 


7.6.1.1 The use of antifreeze solutions shall be in conformity 
with state and local health regulations. 


7.6.1.2 Antifreeze shall not be used in ESFR systems unless at 
least one of the following two conditions is met: 


(1) For antifreeze solutions not referenced in this standard, 
the antifreeze solution shall be specifically listed for ESFR 
applications. 

(2) For antifreeze solutions referenced in this standard, the 
ESFR sprinkler shall be specifically listed for use with the 
antifreeze solution. 


7.6.1.3 Where pendent sprinklers are utilized, the water shall 
be drained from the entire system after hydrostatic testing 
with water. 


7.6.1.3.1 The requirements of 7.6.1.3 shall not apply where 
the system is hydrostatically tested with properly mixed anti- 
freeze solution. 


7.6.1.4 Where antifreeze systems are remote from the system 
riser, a placard shall be mounted on the system riser that indi- 
cates the number and location of all remote antifreeze systems 
supplied by that riser. 


7.6.1.5 A placard shall be placed on the antifreeze system 
main valve that indicates the manufacture type and brand of 
the antifreeze solution, the concentration of the antifreeze 
solution used, and the volume of the antifreeze solution used 
in the system. 


7.6.2* Antifreeze Solutions. 


7.6.2.1 Where sprinkler systems are supplied by potable wa- 
ter connections, the use of antifreeze solutions other than wa- 
ter solutions of pure glycerine (C.P. or U.S.P. 96.5 percent 
grade) or propylene glycol shall not be permitted. 


7.6.2.2 Glycerine-water and propylene glycol-water mixtures 
shown in Table 7.6.2.2 shall be considered suitable for use. 


Table 7.6.2.2 Antifreeze Solution to Be Used if Potable 
Water Is Connected to Sprinklers 


Specific Freezing 
Gravity Point 
Solution at 60°F 
Material (by volume) (15.6°C) °F °C 


Glycerine (C.P. or 50% water 1.145 -20.9  -29.4 
U.S.P. grade) 
40% water 1.171 -47.3 —441 
30% water 1.197 -22.2 -30.1 


Hydrometer scale 1.000 to 1.200 


Propylene glycol 60% water 1.034 —6 —21.1 
5096 water 1.041 —26 —32.2 
40% water 1.045 —60 —51.1 


Hydrometer scale 1.000 to 1.200 (subdivisions 0.002) 


C.P.: Chemically pure. U.S.P.: United States Pharmacopoeia 96.5%. 


7.6.2.3 If potable water is not connected to sprinklers, the 
commercially available materials indicated in Table 7.6.2.3 
shall be permitted for use in antifreeze solutions. 


7.6.2.4" An antifreeze solution shall be prepared with a freez- 
ing point below the expected minimum temperature for the 
locality. 
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Table 7.6.2.3 Antifreeze Solution to Be Used if Nonpotable 
Water Is Connected to Sprinklers 


Specific Freezing 
Gravity Point 
Solution at 60°F ——— 
Material (by volume) (15.6°C) °F °C 
Glycerine See Table 7.6.2.2. 
Diethylene 50% water 1.078 -13 -25.0 
glycol 
45% water 1.081 -27  -32.8 
40% water 1.086 —42 -41.1 
Hydrometer scale 1.000 to 1.120 (subdivisions 0.002) 
Ethylene glycol 61% water 1.056 —10 -23.3 
56% water 1.063 -20 -28.9 
51% water 1.069 -30 -34.4 
47% water 1.073 —40 -40.0 


Hydrometer scale 1.000 to 1.120 (subdivisions 0.002) 


Propylene glycol See Table 7.6.2.2. 


7.6.2.5* The specific gravity of the prepared solution shall be 
checked by a hydrometer, in accordance with Figure 7.6.2.5 (a), 
Figure 7.6.2.5 (b), and Figure 7.6.2.5 (c), with suitable scale or a 
refractometer having a scale calibrated for the antifreeze solu- 
tion involved. 
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Note: The 100 percent concentration curves are provided for 
information only so that densities are known for calculating solutions. 


FIGURE 7.6.2.5(a) Densities of Aqueous Ethylene Glycol So- 
lutions (Percent by Weight). 
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Note: The 100 percent concentration curves are provided for 
information only so that densities are known for calculating solutions. 


FIGURE 7.6.2.5(b) Densities of Aqueous Propylene Glycol 
Solutions (Percent by Weight). 


7.6.2.6 The concentration of antifreeze solutions shall be 
limited to the minimum necessary for the anticipated mini- 
mum temperature. 


7.6.3 Arrangement of Supply Piping and Valves. 


7.6.3.1* Where the connection between the antifreeze system 
and the wet pipe system does not incorporate a backflow pre- 
vention device, and the conditions of 7.6.3.5 are not met, pip- 
ing and valves shall be installed as illustrated in Figure 7.6.3.1. 


7.6.3.2* Where the connection between the antifreeze system 
and the wet pipe system incorporates a backflow prevention de- 
vice, and the conditions of 7.6.3.5 are not met, piping and valves 
shall be installed as illustrated in Figure 7.6.3.3 or Figure 7.6.3.4. 


7.6.3.3* Where the connection between the antifreeze system 
and the wet pipe system incorporates a backflow prevention de- 
vice, and the conditions of 7.6.3.5 are not met, a listed expansion 
chamber shall be provided to compensate for thermal expansion 
of the antifreeze solution as illustrated in Figure 7.6.3.3. 


7.6.3.3.1 When determining the size of the expansion cham- 
ber, the precharge air temperature and precharge air pressure 
shall be included. The size of the expansion chamber shall be 
such that the maximum system pressure does not exceed the 
rated pressure for any components of the antifreeze system. 


7.6.3.4 Alisted % in. (12 mm) relief valve shall be permitted 
in lieu of the expansion chamber required in 7.6.3.3 provided 
the antifreeze system volume does not exceed 40 gal (151 L) as 
illustrated in Figure 7.6.3.4. 
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FIGURE 7.6.2.5(c) Densities of Aqueous Glycerine Solutions (Percent by Weight). 
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1. Check valves are permitted to be omitted where sprinklers are 
below the level of valve A. 

2. The ¥%z in. (0.8 mm) hole in the check valve clapper is needed to 
allow for expansion of the solution during a temperature rise, thus 
preventing damage to sprinklers. 


FIGURE 7.6.3.1 Arrangement of Supply Piping and Valves. 
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FIGURE 7.6.3.3 Arrangement of Supply Piping with Back- 
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INSTALLATION OF SPRINKLER SYSTEMS 
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1. Check valve can be omitted where sprinklers are 
below the level of valve A. 

2. The ¥2 in. (0.8 mm) hole in the check valve clapper is needed to 
allow for expansion of the solution during a temperature rise, thus 
preventing damage to sprinklers. 


FIGURE 7.6.3.4 Arrangement of Supply Piping with Relief 
Valve and Backflow Device. 


7.6.3.5 The reguirements of paragraphs 7.6.3.1, 7.6.3.2, and 
7.6.3.3 shall not apply where the following three conditions 
are met: 


(1) The antifreeze system is provided with an automatic pres- 
sure pump or other device or apparatus to automatically 
maintain a higher pressure on the system side than on the 
supply side of the water supply check valve separating the 
antifreeze system from the water supply. 

(2) Provision is made to automatically release solution to pre- 
vent overpressurization due to thermal expansion of the 
solution. 

(3) Provision is made to automatically supply premixed solu- 
tion as needed to restore system pressure due to thermal 
contraction. 


7.6.3.6" A drain/test connection shall be installed at the most 
remote portion of the system. 


7.6.3.7 For systems with a capacity larger than 150 gal (567.8 L), 
an additional test connection shall be provided for every 100 gal 
(378.5 L). 


7.7 Automatic Sprinkler Systems with Non-Fire Protection 
Connections. 


7.7.1 Circulating Closed-Loop Systems. 
7.7.1.1 System Components. 


77111 A circulating closed-loop system is primarily a sprin- 
kler system and shall comply with all provisions of this stan- 
dard such as those for control valves, area limitations of a sys- 
tem, alarms, fire department connections, sprinkler spacing, 
and so forth, except as modified by Section 7.7. 
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7.7.1.1.2 Piping, fittings, valves, and pipe hangers shall meet 
the requirements specified in Chapter 6. 


7.7.1.1.3 Unless the requirements of 7.7.1.1.4 are met, a di- 
electric fitting shall be installed in the junction where dissimi- 
lar piping materials are joined (e.g., copper to steel). 


77114 Dielectric fittings shall not be required in the junc- 
tion where sprinklers are connected to piping. 


7.7.1.1.5 Other auxiliary devices shall not be required to be 
listed for sprinkler service; however, these devices, such as 
pumps, circulating pumps, heat exchangers, radiators, and lu- 
minaires, shall be pressure rated at 175 psi or 300 psi (12.1 bar 
or 20.7 bar) (rupture pressure of five times rated water system 
working pressure) to match the required rating of sprinkler 
system components. 


7.7.1.1.6 Auxiliary devices shall incorporate materials of con- 
struction and be so constructed that they will maintain their 
physical integrity under fire conditions to avoid impairment to 
the fire protection system. 


7.7.1.1.7 Auxiliary devices, where hung from the building 
structure, shall be supported independently from the sprin- 
kler portion of the system, following recognized engineering 
practices. 


7.7.1.2* Hydraulic Characteristics. Piping systems for attached 
heating and cooling equipment shall have auxiliary pumps or 
an arrangement made to return water to the piping system in 
order to ensure the following: 


(1) Water for sprinklers shall not be required to pass through 
heating or cooling equipment. 

(2) At least one direct path shall exist for waterflow from the 
sprinkler water supply to every sprinkler. 

(3) Pipe sizing in the direct path shall be in accordance with 
the design requirements of this standard. 

(4) No portions of the sprinkler piping shall have less than the 
sprinkler system design pressure, regardless of the mode of 
operation of the attached heating or cooling equipment. 

(5) There shall be no loss or outflow of water from the system 
due to or resulting from the operation of heating or cool- 
ing equipment. 

(6) Shutoff valves and a means of drainage shall be provided 
on piping to heating or cooling equipment at all points of 
connection to sprinkler piping and shall be installed in 
such a manner as to make possible repair or removal of 
any auxiliary component without impairing the service- 
ability and response to the sprinkler system. 

(7) All auxiliary components, including the strainer, shall be 
installed on the auxiliary equipment side of the shutoff 
valves. 


7.7.1.3 Water Temperature. 
7.71.3.1 Maximum. 


7.7.1.3.1.1 In no case shall maximum water temperature 
flowing through the sprinkler portion of the system exceed 
120°F (49°C). 


7.7.1.3.1.2 Protective control devices listed for this purpose 
shall be installed to shut down heating or cooling systems 
when the temperature of water flowing through the sprinkler 
portion of the system exceeds 120°F (49°C). 


7.7.1.3.1.3 Where the water temperature exceeds 100°F 
(37.8°C), intermediate or higher temperature-rated sprin- 
klers shall be used. 
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7.7.1.3.2, Minimum. Precautions shall be taken to ensure that 
temperatures below 40°F (4°C) are not permitted. 


7.7.1.4 Obstruction to Discharge. Automatic sprinklers shall 
not be obstructed by auxiliary devices, piping, insulation, and so 
forth, from detecting fire or from proper distribution of water. 


7.7.1.5 Signs. 


7.7.1.5.1 Caution signs shall be attached to all valves control- 
ling sprinklers. 


7.7.1.5.2 The caution sign shall be worded as follows: 


This valve controls fire protection equipment. 
Do not close until after fire has been extinguished. 
Use auxiliary valves when necessary 
to shut off supply to auxiliary equipment. 


CAUTION: Automatic alarm may be sounded if this valve is 
closed. 


7.7.1.6 Water Additives. 


7.7.1.6.1 Materials added to water shall not adversely affect 
the fire-fighting properties of the water and shall be in confor- 
mity with any state or local health regulations. 


7.7.1.6.2 Due care and caution shall be given to the use of 
additives that can remove or suspend scale from older piping 
systems. 


7.7.1.6.3 Where additives are necessary for proper system op- 
eration, due care shall be taken to ensure that additives are 
replenished after alarm testing or whenever water is removed 
from the system. 


7.7.1.7 Waterflow Detection. 


77417. The supply of water from sprinkler piping through 
auxiliary devices, circulatory piping, and pumps shall not un- 
der any condition or operation, transient or static, cause false 
sprinkler waterflow signals. 


7.7.1.7.2 A sprinkler waterflow signal shall not be impaired 
when water is discharged through an opened sprinkler or 
through the system test connection while auxiliary equipment 
is in any mode of operation (on, off, transient, stable). 


7.8 Outside Sprinklers for Protection Against Exposure Fires 
(Exposure Protection Sprinkler Systems). 


7.8.1 Applications. 


7.8.1.1 Exposure protection sprinkler systems shall be per- 
mitted on buildings and structures regardless of whether the 
building’s interior is protected by a sprinkler system. 


7.8.1.2 Where exposure protection systems are required, 
they shall be installed to provide protection of windows and 
other openings within masonry walls, complete protection of 
walls, protection of roofs, or any combination thereof. 


7.8.2 Water Supply and Control. 


7.8.2.1 Unless the requirements of 7.8.2.2 are met, sprinklers 
installed for protection against exposure fires shall be sup- 
plied from a standard water supply as outlined in Chapter 23. 


7.8.2.2 Where approved, other supplies, such as manual 
valves or pumps or fire department connections, shall be per- 
mitted to supply water to sprinklers for exposure protection. 


7.8.2.3 Where fire department connections are used for wa- 
ter supply, they shall be so located that they will not be affected 
by the exposing fire. 


7.8.3 Control. 


7.8.3.1 Each system of outside sprinklers shall have an inde- 
pendent control valve. 


7.8.3.2 Manually controlled open sprinklers shall be used 
only where constant supervision is present. 


7.8.3.3 Sprinklers shall be of the open or automatic type. 


7.8.3.4 Automatic sprinklers in areas subject to freezing shall 
be on dry pipe systems conforming to Section 7.2 or antifreeze 
systems conforming to Section 7.6. 


7.8.3.5 Automatic systems of open sprinklers shall be con- 
trolled by the operation of fire detection devices designed for 
the specific application. 


7.8.4 System Components. 


7.8.4.1 Drain Valves. Each system of outside sprinklers shall 
have a separate drain valve installed on the system side of each 
control valve, except where an open sprinkler, top-fed system 
is arranged to facilitate drainage. 


7.8.4.2 Check Valves. 


7.8.4.2.1* Where sprinklers are installed on two adjacent sides 
of a building, protecting against two separate and distinct ex- 
posures, with separate control valves for each side, the end 
lines shall be connected with check valves located so that one 
sprinkler around the corner will operate. 


7.8.4.2.2 The intermediate pipe between the two check valves 
shall be arranged to drain. 


7.8.4.2.3* As an alternate solution, an additional sprinkler 
shall be installed on each system located around the corner 
from the system involved. 


7.8.4.3 System Arrangement. Where one exposure affects two 
sides of the protected structure, the system shall not be subdi- 
vided between the two sides but rather shall be arranged to 
operate as a single system. 


7.8.5 Pipe and Fittings. Pipe and fittings installed on the exte- 
rior of the building or structure shall be corrosion resistant. 


7.8.6 Strainers. A listed strainer shall be provided in the riser 
or feed main that supplies sprinklers having nominal K-factors 
smaller than K-2.8 (40). 


7.8.7 Gauge Connections. A listed pressure gauge conforming 
with 8.17.3 shall be installed immediately below the control valve 
of each system. 


7.8.8 Sprinklers. 


7.8.8.1 A single line of sprinklers is permitted to protect a 
maximum of two stories of wall area or two levels of vertically 
aligned windows where architectural features are sufficiently 
flush to allow rundown. 


7.8.8.2 Where window sills or similar features result in re- 
cesses or projections exceeding 1 in. (25.4 mm) in depth, 
separate sprinklers shall be provided for each window on each 
level, regardless of whether protection is being provided for 
windows or complete walls. 


7.8.8.3 For wall protection systems, sprinklers shall be lo- 
cated 6 in. to 12 in. (152 mm to 305 mm) from the wall surface 


2010 Edition a 


Posted by Public.Resource.Org. Not affiliated with NFPA 


13-42 INSTALLATION OF SPRINKLER SYSTEMS 


and within 6 in. (152 mm) of the top of the wall, with maxi- 
mum spacing of 8 ft (2.44 m) or as indicated in the sprinkler 
listing for exposure protection use. 


7.8.8.4 For protection of window and similar openings, listed 
window sprinklers shall be positioned within 2 in. (50.8 mm) 
of the top of the window sash in accordance with Table 7.8.8.4. 


Table 7.8.8.4 Position of Window Sprinklers 


Nominal K-Factor Nominal 
Width of Distance 
Window U.S. Metric from Window 
Up to 3 ft 28 40 7in. 
>3 to 4 ft 2.8 40 8 in. 
>4 to 5 ft 2.8 40 9 in. 
5.6 80 12 in. 
>5 to 7 ft 11.2 160 12 in. 
Two 2.8 40 7in. 
27 to 9.5 ft 14.0 200 12 in. 
Two 2.8 40 9 in. 
>9.5 to 12 ft Two 5.6 80 12 in. 


For SI units, 1 ft = 0.3048 m. 


7.8.8.5 Where exposure protection sprinkler systems are in- 
stalled, listed cornice sprinklers shall be used to protect com- 
bustible cornices exceeding 12 in. (305 mm) in depth. 


7.8.8.5.1 Cornice sprinklers shall be installed in each bay 
formed by cornice features and shall be spaced up to a maximum 
distance of 10 ft (3.05 m) apart, with deflectors 8 in. (203 mm) 
below the underside of the roof sheathing. 


7.8.8.6 Open spray sprinklers (upright, pendent, or sidewall) 
shall be permitted for application in roof protection when 
installed in accordance with ordinary hazard Group 1 protec- 
tion areas and discharge criteria, with deflectors aligned par- 
allel to the slope and positioned a minimum 18 in. (457 mm) 
above the roof surface. 


7.8.8.6.1 Upright sprinklers positioned as ridge pole sprin- 
klers shall be permitted with their deflectors horizontal and 
minimum 6 in. (152 mm) above the ridge, with their maxi- 
mum spacing and protection areas determined in the plan 
view rather than along the slope. 


7.9* Refrigerated Spaces. 


7.9.1 Spaces Maintained at Temperatures Above 32°F (0°C). 
Where temperatures are maintained above 32°F (0°C) in refrig- 
erated spaces, the requirements in this section shall not apply. 


7.9.2* Spaces Maintained at Temperatures Below 32°F (0°C). 
7.9.2.1 General. 


7.9.2.1.1 Where sprinkler pipe passes through a wall or floor 
into the refrigerated space, a section of pipe arranged for re- 
moval shall be provided immediately inside the space. 


7.9.2.1.2 The removable length of pipe required in 7.9.2.1.1 
shall be a minimum of 30 in. (762 mm). 


7.9.2.2 Low Air Pressure Alarm. 


7.9.2.2.1 Unless the requirements of 7.9.2.2.2 are met, a low 
air pressure alarm to a constantly attended location shall be 
installed. 
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7.9.2.2.2 Systems equipped with local low pressure alarms 
and an automatic air maintenance device shall not be re- 
quired to alarm to a constantly attended location. 


7.9.2.3 Piping Pitch. Piping in refrigerated spaces shall be in- 
stalled with pitch as outlined in 8.16.2.3.3. 


7.9.2.4" Air or Nitrogen Supply. Air or nitrogen supply for 
systems shall be one of the following: 


(1) Air from the room of lowest temperature to reduce the 
moisture content 

(2) Air compressor/dryer package listed for the application 
utilizing ambient air 

(3) Compressed nitrogen gas from cylinders used in lieu of 
compressed air 


7.9.2.5* Control Valve. An indicating-type control valve for op- 
erational testing of the system shall be provided on each sprin- 
kler riser outside of the refrigerated space. 


7.9.2.6* Check Valve. 


7.9.2.6.1 Unless the requirements of 7.9.2.6.2 are met, a 
check valve with a %2 in. (2.4 mm) diameter hole in the clap- 
per shall be installed in the system riser below the test valve 
required in 7.9.2.5. 


7.9.2.6.2 Check valves shall not be required where dry pipe or 
preaction valves are used and designed to completely drain all 
water above the seat and that are listed for installation without 
priming water remaining and where priming water is not used 
in the system riser. 


7.9.2.7* Air or Nitrogen Supply Piping. 


7.9.2.7.1 The air or nitrogen supply piping entering the 
freezer area shall be as stated in 7.9.2.7.1.1 and 7.9.2.7.1.2. 


7.9.2.7.1.1 Air Supply. The supply piping shall be equipped 
with two easily removable supply lines at least 6 ft (1.9 m) 
long and at least 1 in. (25 mm) in diameter as shown in 
Figure 7.9.2.7.1.1(a) or Figure 7.9.2.7.1.1(b). 


7.9.2.7.1.2 Nitrogen Supply. The supply piping shall be 
equipped with a single easily removable supply line at least 6 ft 
(1.9 m) long and at least 1 in. (25 mm) in diameter. 


7.9.2.7.2 Each supply line shall be equipped with control 
valves located in the warm area. 


7.9.2.7.3 Only one air supply line shall be open to supply the 


system air at any one time. 
7.9.2.8 Fire Detection for Preaction Release. 
7.9.2.8.1 Detectors for Preaction Systems. 


7.9.2.8.1.1* The release system shall be designed to operate 
prior to sprinkler operation, unless detectors meet the re- 
quirements of 7.9.2.8.1.2. 


(A) Detectors shall be electric or pneumatic fixed temperature 
type with temperature ratings less than that of the sprinklers. 


(B) Detection devices shall not be rate-of-rise type. 


7.9.2.8.1.2 Where the system is a double interlock preaction 
system or single interlock preaction antifreeze system, detec- 
tion devices shall be permitted to be any type specifically ap- 
proved for use in a refrigerated area if installed in accordance 
with their listing requirements and NFPA 72, National Fire 
Alarm and Signaling Code. 
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Heated area Refrigerated space 
Bypass for ng : 
system testing Piping to sprinklers 
Check valve 
installed in 
installed in horizontal pipe 
horizontal 
pipe 
Air compressor —>} 
and tank 7 
Freezer air intake 
Plan View 
Heated area Refrigerated space 
30 in 
Two easily removed 762 MM) 
sections of pipe k 
Normally open 
control valve 
€ 
3 
£ 
Check valve with 342 in. = 
(2.4 mm) hole in clapper € 
Dry/preaction valve © 
Main control PI = 
valve 2 
Water supply 
Air compressor —> Freezer air intake 
and tank 
Q Air pressure © Air pressure 
Air supply source Water supply source 
Elevation View 
Notes: 
1. Check valve with 322 in. (2.4 mm) hole in clapper not required if prime water not used. 
2. Supply air to be connected to top or side of system pipe. 
3. Each removable air line to be a minimum of 1 in. (25 mm) diameter and a minimum 
of 6 ft (1.8 m) long. 
FIGURE 7.9.2.7.1.1(a) Refrigerator Area Sprinkler System Used to Minimize the Chances of Developing Ice Plugs. 
7.9.2.8.2 Detector Location at Ceiling. 7.9.2.8.3 Detector Location in Racks. 
Mapan ance oe ceilings, detectors shall be spaced 7.9.2.8.3.1 Unless conditions in 7.9.2.8.4 are met, one level of 
NOt aa SPAIN E detectors shall be installed for each level of sprinklers. 
7.9.2.8.2.2 For other than smooth ceilings, detectors shall 
not exceed one-half of the listed linear detector spacing or full 7.9.2.8.3.2 Detectors shall be installed vertically within one 


allowable sprinkler spacing, whichever is greater. 


storage level of the rack sprinklers and as follows: 
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Heated area 7 Refrigerated space 


Easily removed 
section of pipe 
Normally open 
control valve ao 
Low air alarm ex 
Test valve ——— 
Check valve with 


%2 in. (2.4 mm) ——X E 

hole in clapper nok 2 

valve = 

Preaction valve a = 

Control valve 2 E£ 

Water supply foe] 

Check valve ae" © 
Di 


Air 
compressor 


and tank Freezer air intake 


Notes: 


1. Check valve with %2 in. (2.4 mm) hole in clapper not required if prime 
water not used. 


2. Each removable air line is to be installed a minimum of 1 in. (25 mm) 
in diameter and a minimum of 6 ft (1.8 m) long. 


FIGURE 7.9.2.7.1.1(b) Preaction System Arrangement. 


(1) Detectors shall be located in the transverse flue in single- 
row racks and in the longitudinal flue in double-row 
racks. 

(2) For multiple-row racks, detectors shall be located in ei- 
ther longitudinal or transverse flue space and shall be 
within 5 ft (1.5 m) horizontally of each sprinkler. 

(3) Separate detection systems shall be installed for ceiling 
sprinkler systems and in-rack sprinkler systems. 

(4) Where system is double interlock preaction type, ceiling 
detection system shall operate solenoid valves on both 
ceiling and in-rack preaction systems. 


7.9.2.8.4 Single Detection System for Ceiling and In-Rack 
Sprinklers. Ceiling detection only shall be permitted where all 
of the following conditions are met: 


(1) Maximum storage height is 35 ft (10.7 m). 

(2) Maximum ceiling height is 40 ft (12.2 m). 

(3) Maximum hazard of storage is Class HI. 

(4) No solid shelves are present. 

(5) One preaction valve is used for both ceiling and in-rack 
sprinklers protecting the same area, with separate indicat- 
ing control valves and check valves provided downstream 
as shown in Figure 7.9.2.8.4. 

(6) Detectors at the ceiling are spaced at a maximum of one- 
half the listed detector spacing but not less than the sprin- 
kler spacing. 


7.10 Commercial-Type Cooking Equipment and Ventilation. 


7.10.1 General. In cooking areas protected by automatic sprin- 
klers, additional sprinklers or automatic spray nozzles shall be 
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Check valve Check valve 
To ceiling \ <— Control valve ———> PA To rack 
sprinklers X sprinklers 


<— Low air alarm 
Test valve —> 


<— Air supply 


Check valve with 
Ya in. (2.4 mm) —— 
hole in clapper 


Preaction valve ——- 


<— Control valve 
Water supply —— 


FIGURE 7.9.2.8.4 Valve Arrangement. 


provided to protect commercial-type cooking equipment and 
ventilation systems that are designed to carry away grease-laden 
vapors unless otherwise protected. 


7.10.2* Sprinklers and Automatic Spray Nozzles. 


7.10.2.1 Unless the requirements of 7.10.2.2 are met, standard 
sprinklers or automatic spray nozzles shall be so located as to 
provide for the protection of exhaust ducts, hood exhaust duct 
collars, and hood exhaust plenum chambers. 


7.10.2.2 Sprinklers or automatic spray nozzles in ducts, duct 
collars, and plenum chambers shall not be required where all 
cooking equipment is served by listed grease extractors. 


7.10.2.3 Unless the requirements of 7.10.2.5 are met, stan- 
dard sprinklers or automatic spray nozzles shall be so located 
as to provide for the protection of cooking equipment and 
cooking surfaces. 


7.10.2.4 Hoods containing automatic fire-extinguishing sys- 
tems are protected areas; therefore, these hoods are not con- 
sidered obstructions to overhead sprinkler systems and shall 
not require floor coverage underneath. 


7.10.2.5 Cooking equipment below hoods that contain auto- 
matic fire-extinguishing equipment is protected and shall not 
require protection from the overhead sprinkler system. 


7.10.3 Sprinkler and Automatic Spray Nozzle Location — Ducts. 


7.10.3.1 Unless the requirements of 7.10.3.2 or 7.10.3.4 are 
met, exhaust ducts shall have one sprinkler or automatic spray 
nozzle located at the top of each vertical riser and at the mid- 
point of each offset. 


7.10.3.2 Sprinklers or automatic spray nozzles shall not be 
required in a vertical riser located outside of a building, pro- 
vided the riser does not expose combustible material or pro- 
vided the interior of the building and the horizontal distance 
between the hood outlet and the vertical riser is at least 25 ft 
(7.6 m). 


7.10.3.3 Unless the requirements of 7.10.3.4 are met, hori- 
zontal exhaust ducts shall have sprinklers or automatic spray 
nozzle devices located on 10 ft (3 m) centers beginning no 
more than 5 ft (1.5 m) from the duct entrance. 


7.10.3.4 Sprinklers or automatic spray nozzles shall be re- 
quired in ducts. 
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7.10.3.4.1 Where ducts do not exceed 75 ft (22.86 m) in 
length and the entire exhaust duct is protected in accordance 
with NFPA 96, Standard for Ventilation Control and Fire Protection 
of Commercial Cooking Operations, sprinkler(s) or automatic 
spray nozzle(s) shall not be required. 


7.10.3.5 A sprinkler(s) or an automatic spray nozzle(s) in 
exhaust ducts subject to freezing shall be properly protected 
against freezing by approved means. (See 8.16.4.1.) 


7.10.4 Sprinkler and Automatic Spray Nozzle Location — Duct 
Collar. 


7.10.4.1 Each hood exhaust duct collar shall have one sprin- 
kler or automatic spray nozzle located | in. minimum to 12 in. 
maximum (25 mm minimum to 305 mm maximum) above 
the point of duct collar connection in the hood plenum. 


7.10.4.2 Hoods that have listed fire dampers located in the 
duct collar shall be protected with a sprinkler or automatic 
spray nozzle located on the discharge side of the damper and 
shall be so positioned as not to interfere with damper opera- 
tion. 


7.10.5 Sprinkler and Automatic Spray Nozzle Location — 
Exhaust Plenum Chambers. 


7.10.5.1 Hood exhaust plenum chambers shall have one 
sprinkler or automatic spray nozzle centered in each chamber 
not exceeding 10 ft (3 m) in length. 


7.10.5.2 Plenum chambers greater than 10 ft (3 m) in length 
shall have two sprinklers or automatic spray nozzles evenly 
spaced, with the maximum distance between the two sprin- 
klers not to exceed 10 ft (3 m). 


7.10.6 Sprinkler and Automatic Spray Nozzle Temperature 
Ratings and Orifice Sizes. 


7.10.6.1 Where the exposed temperature is expected to be 
300°F (149°C) or less, sprinklers or automatic spray nozzles 
being used in duct, duct collar, and plenum areas shall be of 
the extra high-temperature classification [325°F to 375°F 
(163°C to 191°C) ]. 


7.10.6.2 When use of a temperature-measuring device indi- 
cates temperatures above 300°F (149°C), a sprinkler or auto- 
matic spray nozzle of higher classification shall be used. 


7.10.6.3 Sprinklers or automatic spray nozzles being used in 
duct, duct collar, and plenum areas shall have orifices with 
K-factors not less than K-1.4 (20) and not more than K-5.6 (80). 


7.10.7 Sprinkler and Automatic Spray Nozzle. Access shall be 
provided to all sprinklers or automatic spray nozzles for ex- 
amination and replacement. 


7.10.8 Cooking Equipment. 


7.10.8.1 General. Cooking equipment (such as deep fat fry- 
ers, ranges, griddles, and broilers) that is considered to be a 
source of ignition shall be protected in accordance with the 
provisions of 7.10.1. 


7.10.8.2 Deep Fat Fryers. 


7.10.8.2.1 A sprinkler or automatic spray nozzle used for pro- 
tection of deep fat fryers shall be listed for that application. 


7.10.8.2.2 The position, arrangement, location, and water 
supply for each sprinkler or automatic spray nozzle shall be in 
accordance with its listing. 


7.10.8.3 Fuel and Heat Shutoff. 


7.10.8.3.1 The operation of any cooking equipment sprinkler 
or automatic spray nozzle shall automatically shut off all sources 
of fuel and heat to all equipment requiring protection. 


7.10.8.3.2 Any gas appliance not requiring protection but 
located under ventilating equipment shall also be shut off. 


7.10.8.3.3 All shutdown devices shall be of the type that re- 
quires manual resetting prior to fuel or power being restored. 


7.10.9 Indicating Valves. A listed indicating valve shall be in- 
stalled in the water supply line to the sprinklers and spray 
nozzles protecting the cooking and ventilating system. 


7.10.10 Strainers. A listed line strainer shall be installed in the 
main water supply preceding sprinklers or automatic spray 
nozzles having nominal K-factors smaller than K-2.8 (40). 


7.10.11 Test Connection. A system test connection shall be 
provided to verify proper operation of equipment specified in 
7.10.8.3. 


7.10.12 Sprinkler and Automatic Spray Nozzle Replacement. 


7.10.12.1_ Unless the requirements of 7.10.12.2 are met, 
sprinklers and automatic spray nozzles used for protecting 
commercial-type cooking equipment and ventilating systems 
shall be replaced annually. 


7.10.12.2 Where automatic bulb-type sprinklers or spray 
nozzles are used and annual examination shows no buildup of 
grease or other material on the sprinklers or spray nozzles, 
such sprinklers or spray nozzles shall be permitted to be con- 
tinued in use. 


Chapter 8 Installation Requirements 


8.1* Basic Requirements. 


8.1.1* The requirements for spacing, location, and position of 
sprinklers shall be based on the following principles: 


(1) Sprinklers shall be installed throughout the premises. 

(2) Sprinklers shall be located so as not to exceed the maxi- 
mum protection area per sprinkler. 

(3) Sprinklers shall be positioned and located so as to provide 
satisfactory performance with respect to activation time 
and distribution. 

(4) Sprinklers shall be permitted to be omitted from areas 
specifically allowed by this standard. 

(5) When sprinklers are specifically tested and test results 
demonstrate that deviations from clearance requirements 
to structural members do not impair the ability of the 
sprinkler to control or suppress a fire, their positioning 
and locating in accordance with the test results shall be 
permitted. 

(6) Clearance between sprinklers and ceilings exceeding the 
maximums specified in this standard shall be permitted, 
provided that tests or calculations demonstrate compa- 
rable sensitivity and performance of the sprinklers to 
those installed in conformance with these sections. 

(7) Furniture, such as portable wardrobe units, cabinets, tro- 
phy cases, and similar features not intended for occu- 
pancy, does not require sprinklers to be installed in them. 
This type of feature shall be permitted to be attached to 


the finished structure. 
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8.1.2* System valves and gauges shall be accessible for opera- 
tion, inspection, tests, and maintenance. 


8.2 System Protection Area Limitations. 


8.2.1 The maximum floor area on any one floor to be pro- 
tected by sprinklers supplied by any one sprinkler system riser 
or combined system riser shall be as follows: 


(1) Light hazard — 52,000 ft? (4831 m?) 

(2) Ordinary hazard — 52,000 ft? (4831 m°) 

(3) Extra hazard 
(a) Pipe schedule — 25,000 ft? (2323 m°) 
(b) Hydraulically calculated — 40,000 ft? (3716 m”) 

(4) Storage — High-piled storage (as defined in 3.9.1.17) and 
storage covered by other NFPA standards — 40,000 ft? 
(3716 m°) 


8.2.2 The floor area occupied by mezzanines shall not be 
included in the area limits of 8.2.1. 


8.2.3 Where single systems protect extra hazard, high-piled 
storage, or storage covered by other NFPA standards, and or- 
dinary or light hazard areas, the extra hazard or storage area 
coverage shall not exceed the floor area specified for that haz- 
ard and the total area coverage shall not exceed 52,000 ft? 
(4831 m°). 


8.2.4 Multiple buildings attached by canopies, covered 
breezeways, common roofs, or a common wall (s) shall be per- 
mitted to be supplied by a single fire sprinkler riser. The maxi- 
mum system size shall comply with 8.2.1. 


8.2.5“ Detached Buildings. 


8.2.5.1 Unless the reguirements of 8.2.5.2 apply, detached 
buildings, regardless of separation distance, that do not meet 
the criteria of 8.2.4 shall be provided with separate fire sprin- 
kler systems. 


8.2.5.2 When acceptable to the authority having jurisdiction, 
detached structures shall be permitted to be supplied by the 
fire sprinkler system of an adjacent building. 


8.3 Use of Sprinklers. 
8.3.1 General. 


8.3.1.1* Sprinklers shall be installed in accordance with their 
listing. 


8.3.1.2 The requirements of 8.3.1.1 shall not apply where 
construction features or other special situations require un- 
usual water distribution, and listed sprinklers shall be permit- 
ted to be installed in positions other than anticipated by their 
listing to achieve specific results. 


8.3.1.3* Upright sprinklers shall be installed with the frame 
arms parallel to the branch line, unless specifically listed for 
other orientation. 


8.3.1.4 Where solvent cement is used as the pipe and fittings 
bonding agent, sprinklers shall not be installed in the fittings 
prior to the fittings being cemented in place. 


8.3.1.5 Protective Caps and Straps. 


8.3.1.5.1* Protective caps and straps shall be removed using 
means that are in accordance with the manufacturer’s instal- 
lation instructions. 
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8.3.1.5.2* Protective caps and straps shall be removed from all 
sprinklers prior to the time when the sprinkler system is 
placed in service. 


8.3.1.5.3 Protective caps and straps on all upright sprinklers 
or on any sprinklers installed more than 10 ft (3 m) above the 
floor shall be permitted to be removed from sprinklers imme- 
diately following their installation. 


8.3.2 Temperature Ratings. 


8.3.2.1* Unless the requirements of 8.3.2.2, 8.3.2.3, 8.3.2.4, or 
8.3.2.5 are met, ordinary- and intermediate-temperature 
sprinklers shall be used throughout buildings. 


8.3.2.2 Where maximum ceiling temperatures exceed 100°F 
(38°C), sprinklers with temperature ratings in accordance 
with the maximum ceiling temperatures of Table 6.2.5.1 shall 
be used. 


8.3.2.3 High-temperature sprinklers shall be permitted to be 
used throughout ordinary and extra hazard occupancies and as 
allowed in this standard and other NFPA codes and standards. 


8.3.2.4 Sprinklers of intermediate- and high-temperature 
classifications shall be installed in specific locations as re- 
quired by 8.3.2.5. 


8.3.2.5* The following practices shall be observed to provide 
sprinklers of other than ordinary-temperature classification 
unless other temperatures are determined or unless high- 
temperature sprinklers are used throughout, and tempera- 
ture selection shall be in accordance with Table 8.3.2.5(a), 
Table 8.3.2.5(b), and Figure 8.3.2.5: 


(1) Sprinklers in the high-temperature zone shall be of 
the high-temperature classification, and sprinklers in 
the intermediate-temperature zone shall be of the 
intermediate-temperature classification. 

(2) Sprinklers located within 12 in. (305 mm) to one side 
or 30 in. (762 mm) above an uncovered steam main, 
heating coil, or radiator shall be of the intermediate- 
temperature classification. 

(3) Sprinklers within 7 ft (2.1 m) of a low-pressure blowoff 
valve that discharges free in a large room shall be of the 
high-temperature classification. 

(4) Sprinklers under glass or plastic skylights exposed to the 
direct rays of the sun shall be of the intermediate- 
temperature classification. 

(5) Sprinklers in an unventilated, concealed space, under 
an uninsulated roof, or in an unventilated attic shall be 
of the intermediate-temperature classification. 

(6) Sprinklers in unventilated show windows having high- 
powered electric lights near the ceiling shall be of the 
intermediate-temperature classification. 

(7) Sprinklers protecting commercial-type cooking equip- 
ment and ventilation systems shall be of the high- or ex- 
tra high-temperature classification as determined by use 
of a temperature-measuring device. (See 7.10.6.) 

(8) Sprinklers protecting residential areas installed near 
specific heat sources identified in Table 8.3.2.5(c) shall 
be installed in accordance with Table 8.3.2.5(c). 

(9) Ordinary-temperature sprinklers located adjacent to a 

heating duct that discharges air that is less than 100°F 

(38°C) are not required to be separated in accordance 

with Table 8.3.2.5(a). 

Sprinklers in walk-in type coolers and freezers with auto- 

matic defrosting shall be of the intermediate-temperature 

classification or higher. 


(10) 
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Table 8.3.2.5(a) Temperature Ratings of Sprinklers Based on Distance from Heat Sources 
Intermediate-Temperature 
Type of Heat Condition Ordinary-Temperature Rating Rating High-Temperature Rating 


(1) Heating ducts 
(a) Above 
(b) Side and below 
(c) Diffuser 


More than 2 ft 6 in. 

More than 1 ft 0 in. 

Any distance except as shown under 
Intermediate-Temperature Rating 
column 


(2) Unit heater 
(a) Horizontal 
discharge 


(b) Vertical downward 
discharge (for sprinklers 
below unit heater, see 


Figure 8.3.2.5) 


(3) Steam mains 
(uncovered) 
(a) Above 
(b) Side and below 
(c) Blowoff valve 


More than 2 ft 6 in. 
More than 1 ft 0 in. 
More than 7 ft 0 in. 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 


Table 8.3.2.5(b) Ratings of Sprinklers in Specified Locations 


2 ft 6 in. or less 

1 ft 0 in. or less 

Downward discharge: Cylinder with 
1 ft 0 in. radius from edge 
extending 1 ft 0 in. below and 
2 ft 6 in. above 

Horizontal discharge: Semicylinder 
or cylinder with 2 ft 6 in. radius 
in direction of flow extending 
1 ft 0 in. below and 2 ft 6 in. 
above 


Discharge side: 7 ft 0 in. to 20 ft 
0 in. radius pie-shaped cylinder 
(see Figure 8.3.2.5) extending 
7 ft 0 in. above and 2 ft 0 in. 
below heater; also 7 ft 0 in. 
radius cylinder more than 7 ft 
0 in. above unit heater 

7 ft 0 in. radius cylinder 
extending upward from an 
elevation 7 ft 0 in. above unit 
heater 


7 ft 0 in. radius cylinder 
extending 7 ft 0 in. 
above and 2 ft 0 in. 
below unit heater 


7 ft 0 in. radius cylinder 
extending from the top 
of the unit heater to an 
elevation 7 ft 0 in. 
above unit heater 


2 ft 6 in. or less 
1 ft 0 in. or less 
7 ft 0 in. or less 


Ordinary-Temperature Intermediate-Temperature High-Temperature 
Location Rating Rating Rating 
Skylights Glass or plastic 
Attics Ventilated Unventilated 
Peaked roof: metal or thin boards, Ventilated Unventilated 


concealed or not concealed, 
insulated or uninsulated 
Flat roof: metal, not concealed 


Flat roof: metal, concealed, insulated Ventilated 
or uninsulated 
Show windows Ventilated 


Ventilated or unventilated 


Note: For uninsulated roof, 
climate and insulated or 
uninsulated occupancy can 
necessitate intermediate 
sprinklers. Check on job. 

Unventilated 


Unventilated 


Note: A check of job condition by means of thermometers might be necessary. 
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Table 8.3.2.5(c) Ratings of Sprinklers in Specified Residential Areas 


Minimum Distance from Minimum Distance from 
Edge of Source to Edge of Source to 
Ordinary-Temperature Intermediate-Temperature 
Sprinkler Sprinkler 
Heat Source in. mm in. mm 
Side of open or recessed 36 914 12 305 
fireplace 
Front of recessed fireplace 60 1524 36 914 
Coal- or wood-burning stove 42 1067 12 305 
Kitchen range 18 457 9 229 
Wall oven 18 457 9 229 
Hot air flues 18 457 9 229 
Uninsulated heat ducts 18 457 9 229 
Uninsulated hot water pipes 12 305 6 152 
Side of ceiling- or 24 607 12 305 
wall-mounted hot air 
diffusers 
Front of wall-mounted hot 36 914 18 457 
air diffusers 
Hot water heater or furnace 6 152 3 76 
Light fixture: 
0 W-250 W 6 152 3 76 
250 W-499 W 12 305 6 152 


8.3.2.6 In case of occupancy change involving temperature 
change, the sprinklers shall be changed accordingly. 


8.3.2.7* The minimum temperature rating of ceiling sprin- 
774x A klers in general storage, rack storage, rubber tire storage, roll 
547 x A paper storage, and baled cotton storage applications shall be 
150°F (66°C). 


8.3.3 Thermal Sensitivity. 


High- 
temperature! 
7 ft O in — 


ow 
nul 

30 
ao 


8.3.3.1* Sprinklers in light hazard occupancies shall be one of 
the following: 


—— 


(1) Quick-response type as defined in 3.6.4.7 

(2) Residential sprinklers in accordance with the require- 
ments of 8.4.5 

(3) Standard-response sprinklers used for modifications or 
additions to existing light hazard systems equipped with 


£ standard-response sprinklers 
<£ CA 5 ft 9%6in (4) Standard-response sprinklers used where individual 
Dig standard-response sprinklers are replaced in existing light 
o hazard systems 
1 8.3.3.2 Where quick-response sprinklers are installed, all 


Intermediate-temperature | | "A ~ e872, sprinklers within a compartment shall be quick-response un- 
one less otherwise permitted in 8.3.3.3. 


8.3.3.3 Where there are no listed quick-response sprinklers 
in the temperature range required, standard-response sprin- 
11 ft 6™%ein. klers shall be permitted to be used. 


5 ft 0 in— 


f : 8.3.3.4 When existing light hazard systems are converted to 
SI units: 1 in. = 25.4 mm; 1 ft = 0.31 m. 


use quick-response or residential sprinklers, all sprinklers in a 
compartmented space shall be changed. 


8.3.4 Sprinklers with K-Factors Less Than K-5.6 (80). 


8.3.4.1 For light hazard occupancies not requiring as much wa- 
ter as is discharged by a sprinkler with a nominal K-factor of K-5.6 
(80) operating at 7 psi (0.5 bar), sprinklers having a smaller ori- 
fice shall be permitted, subject to the following restrictions: 


FIGURE 8.3.2.5 High-Temperature and Intermediate- 
Temperature Zones at Unit Heaters. 
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(1) The system shall be hydraulically calculated. 

(2) Sprinklers with nominal K-factors of less than K-5.6 (80) 
shall be installed only in wet pipe sprinkler systems or in 
accordance with the limitations of 8.3.4.2 or 8.3.4.3. 

(3) A listed strainer shall be provided on the supply side of 
sprinklers with nominal K-factors of less than K-2.8 (40). 


8.3.4.2 Sprinklers with nominal K-factors of less than K-5.6 (80) 
shall be permitted to be installed in conformance with 11.3.2 for 
protection against exposure fires. 


8.3.4.3 Sprinklers with nominal K-factors of K-4.2 (57) shall 
be permitted to be installed on dry pipe and preaction systems 
protecting light hazard occupancies where piping is corrosion 
resistant or internally galvanized. 


8.3.5 Thread Size Limitations. Sprinklers having a K-factor ex- 
ceeding K-5.6 (80) and having % in. (15 mm) National Pipe 
Thread (NPT) shall not be installed in new sprinkler systems. 


8.4* Application of Sprinkler Types. Sprinklers shall be se- 
lected for use as indicated in this section and shall be posi- 
tioned and spaced as described in Section 8.5. 


8.4.1 Standard Upright and Pendent Spray Sprinklers. 


8.4.1.1 Upright and pendent spray sprinklers shall be permit- 
ted in all occupancy hazard classifications and building con- 
struction types. 


8.4.1.2 Quick-response sprinklers shall not be permitted for 
use in extra hazard occupancies under the density/area de- 
sign method. 


8.4.2 Sidewall Spray Sprinklers. Sidewall sprinklers shall only 
be installed as follows: 


(1) Light hazard occupancies with smooth, horizontal or 
sloped, flat ceilings 

(2) Ordinary hazard occupancies with smooth, flat ceilings 
where specifically listed for such use 

(3) To protect areas below overhead doors 


8.4.3 Extended Coverage Sprinklers. Extended coverage 
sprinklers shall only be installed as follows: 


(1) Unobstructed construction consisting of flat, smooth ceil- 
ings with a slope not exceeding a pitch of 1 in 6 (a rise of 
2 units in a run of 12 units, a roof slope of 16.7 percent) 

(2) Unobstructed or noncombustible obstructed construc- 
tion, where specifically listed for such use 

(3) Within trusses or bar joists having web members not 
greater than 1 in. (25.4 mm) maximum dimension or 
where trusses are spaced greater than 7% ft (2.3 m) on 
center and where the ceiling slope does not exceed a 
pitch of 1 in 6 (a rise of 2 units in a run of 12 units, a roof 
slope of 16.7 percent) 

(4) Under smooth, flat ceilings that have slopes not exceed- 
ing a pitch of | in 3 (a rise of 4 units in a run of 12 units, a 
roof slope of 33.3 percent), where specifically listed for 
such use 

(5) Extended coverage sidewall sprinklers installed in accor- 
dance with 8.9.4.2.2 shall be allowed to exceed a ceiling 
pitch of 2 in 12 


8.4.4 Open Sprinklers. 


8.4.4.1 Open sprinklers shall be permitted to be used in del- 
uge systems to protect special hazards or exposures or in other 
special locations. 


8.4.4.2 Open sprinklers shall be installed in accordance with 
all applicable requirements of this standard for their auto- 
matic counterpart. 


8.4.5 Residential Sprinklers. 


8.4.5.1* Residential sprinklers shall be permitted in dwelling 
units and their adjoining corridors, provided they are in- 
stalled in conformance with their listing. 


8.4.5.2 Residential sprinklers shall be used only in wet sys- 
tems unless specifically listed for use in dry systems or preac- 
tion systems. 


8.4.5.3 Where residential sprinklers are installed in a com- 
partment as defined in 3.3.6, all sprinklers within the compart- 
ment shall be of the fast-response type that meets the criteria 
of 3.6.1 (a) (1). 


8.4.6 Early Suppression Fast-Response (ESFR) Sprinklers. 


8.4.6.1 ESFR sprinklers shall be used only in wet pipe systems 
unless specifically listed for use in dry systems. 


8.4.6.2 ESFR sprinklers shall be installed only in buildings 
where roof or ceiling slope above the sprinklers does not ex- 
ceed a pitch of 2 in 12 (a rise of 2 units in a run of 12 units, a 
roof slope of 16.7 percent). 


8.4.6.3* ESFR sprinklers shall be permitted for use in build- 
ings with unobstructed or obstructed construction. 


8.4.6.3.1 Where depths of the solid structural members 
(beams, stem, and so forth) exceed 12 in. (305 mm), ESFR sprin- 
klers shall be installed in each channel formed by the solid struc- 
tural members. 


8.4.6.3.2 Minimum sprinkler spacing and area of coverage 
shall comply with the requirements of 8.12.2 and 8.12.3. 


8.4.6.4 Draft Curtains. 


8.4.6.4.1 Where ESFR sprinkler systems are installed adjacent 
to sprinkler systems with standard-response sprinklers, a draft 
curtain of noncombustible construction and at least 2 ft (0.6 m) 
in depth shall be required to separate the two areas. 


8.4.6.4.2 A clear aisle of at least 4 ft (1.2 m) centered below 
the draft curtain shall be maintained for separation. 


8.4.6.5 Temperature Ratings. Sprinkler temperature ratings 
for ESFR sprinklers shall be ordinary unless 8.3.2 requires 
intermediate- or high-temperature ratings. 


8.4.7 Control Mode Specific Application (CMSA) Sprinklers. 


8.4.7.1 CMSA sprinklers shall be permitted to be used in wet, 
dry, or preaction systems and shall be installed in accordance 
with their listing. 


8.4.7.2* Galvanized Pipe. 


8.4.7.2.1 Where steel pipe is used in preaction and dry pipe 
systems, piping materials shall be limited to internally galva- 
nized steel. 


8.4.7.2.2 Black steel pipe shall be permitted when the system 
is installed in freezers where the air temperature is below 32°F 
(0°C) and the air supply is either nitrogen or a listed regenera- 
tive air dryer. 


8.4.7.2.3 Nongalvanized fittings shall be permitted. 
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8.4.7.3 Temperature Ratings. 


8.4.7.3.1 Unless the requirements of 8.4.7.3.2, 8.4.7.3.3, or 
8.4.7.3.4 are met, sprinkler temperature ratings shall be the same 
as those indicated in Table 8.3.2.5(a) and Table 8.3.2.5(b) or 
those used in large-scale fire testing to determine the protection 
requirements for the hazard involved. 


8.4.7.3.2 Sprinklers of intermediate- and high-temperature 
ratings shall be installed in specific locations as required by 
8.3.2. 


8.4.7.3.3 In storage occupancies, ordinary, intermediate, or 
high temperature-rated sprinklers shall be used for wet pipe 
systems. 


8.4.7.3.4 In storage occupancies, high temperature-rated 
sprinklers shall be used for dry pipe systems. 


8.4.8 Special Sprinklers. 


8.4.8.1* Special sprinklers that are intended for the protec- 
tion of specific hazards or construction features shall be per- 
mitted where such devices have been evaluated and listed for 
performance under the following conditions: 


(1) Fire tests related to the intended hazard 

(2) Distribution of the spray pattern with respect to wetting of 
floors and walls 

(3) Distribution of the spray pattern with respect to obstructions 

(4) Evaluation of the thermal sensitivity of the sprinkler 

(5) Performance under horizontal or sloped ceilings 

(6) Area of design 

(7) Allowable clearance to ceilings 


8.4.8.2 Special sprinklers shall maintain the following charac- 
teristics: 


(1) Orifice size shall be in accordance with 6.2.3. 

(2) Temperature ratings shall be in accordance with Table 
6.2.5.1. 

(3) The protection area of coverage shall not exceed 400 ft? 
(36 m°) for light hazard and ordinary hazard occupancies. 

(4) The protection area of coverage shall not exceed 
196 ft? (17 m?) for extra hazard and high-piled storage 
occupancies. 


8.4.9 Dry Sprinklers. 


8.4.9.1* Where dry sprinklers are connected to wet pipe sprin- 
kler systems protecting areas subject to freezing temperatures, 
the minimum length between the sprinkler and fitting shall be 
in accordance with the manufacturers’ instructions. 


8.4.9.2* Where dry sprinklers are connected to wet pipe sprin- 
kler systems protecting insulated freezer structures, the clear- 
ance space around the sprinkler barrel shall be sealed. 


8.5 Position, Location, Spacing, and Use of Sprinklers. 
8.5.1 General. 


8.5.1.1 Sprinklers shall be located, spaced, and positioned in 
accordance with the requirements of Section 8.5. 


8.5.1.2 Sprinklers shall be positioned to provide protection 
of the area consistent with the overall objectives of this stan- 
dard by controlling the positioning and allowable area of cov- 
erage for each sprinkler. 


8.5.1.3 The requirements of 8.5.2 through 8.5.7 shall apply to 
all sprinkler types unless modified by more restrictive rules in 
Section 8.6 through Section 8.12. 
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8.5.2 Protection Areas per Sprinkler. 
8.5.2.1 Determination of the Protection Area of Coverage. 


8.5.2.1.1 The protection area of coverage per sprinkler (A,) 
shall be determined as follows: 


(1) Along branch lines as follows: 

(a) Determine distance between sprinklers (or to wall or 
obstruction in the case of the end sprinkler on the 
branch line) upstream and downstream. 

(b) Choose the larger of either twice the distance to the 
wall or the distance to the next sprinkler. 

(c) This dimension will be defined as S. 

(2) Between branch lines as follows: 

(a) Determine perpendicular distance to the sprinkler on 
the adjacent branch line (or to a wall or obstruction in 
the case of the last branch line) on each side of the 
branch line on which the subject sprinkler is positioned. 

(b) Choose the larger of either twice the distance to the wall 
or obstruction or the distance to the next sprinkler. 

(c) This dimension will be defined as L. 


8.5.2.1.2 The protection area of coverage of the sprinkler 
shall be established by multiplying the S dimension by the 
L dimension, as follows: 


A =SxL 
8.5.2.2 Maximum Protection Area of Coverage. 


8.5.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in the section for each type or style of sprinkler. 


8.5.2.2.2 The maximum area of coverage of any sprinkler 
shall not exceed 400 ft? (36 m?). 


8.5.3 Sprinkler Spacing. 
8.5.3.1 Maximum Distance Between Sprinklers. 


8.5.3.1.1 The maximum distance permitted between sprin- 
klers shall be based on the centerline distance between adja- 
cent sprinklers. 


8.5.3.1.2 The maximum distance shall be measured along 
the slope of the ceiling. 


8.5.3.1.3 The maximum distance permitted between sprin- 
klers shall comply with the value indicated in the applicable 
section for each type or style of sprinkler. 


8.5.3.2 Maximum Distance from Walls. 


8.5.3.2.1 The distance from sprinklers to walls shall not ex- 
ceed one-half of the allowable maximum distance between 
sprinklers. 


8.5.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.5.3.2.3 The distance from the wall to the sprinkler shall be 
measured to the wall behind furniture, such as wardrobes, 
cabinets, and trophy cases. 


8.5.3.2.4 The distance from the wall to the sprinkler shall be 
measured to the wall when sprinklers are spaced near windows 
and no additional floor space is created. 


8.5.3.3 Minimum Distance from Walls. 


8.5.3.3.1 The minimum distance permitted between a sprin- 
kler and the wall shall comply with the value indicated in the 
applicable section for each type or style of sprinkler. 
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8.5.3.3.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.5.3.4 Minimum Distance Between Sprinklers. 


8.5.3.4.1 A minimum distance shall be maintained between 
sprinklers to prevent operating sprinklers from wetting adja- 
cent sprinklers and to prevent skipping of sprinklers. 


8.5.3.4.2 The minimum distance permitted between sprin- 
klers shall comply with the value indicated in the applicable 
section for each type or style of sprinkler. 


8.5.4 Deflector Position. 
8.5.4.1* Distance Below Ceilings. 


8.5.4.1.1 The distances between the sprinkler deflector and 
the ceiling above shall be selected based on the type of sprin- 
kler and the type of construction. 


8.5.4.1.2 For corrugated metal deck roofs up to 3 in. 
(76 mm) in depth, the distance shall be measured to the sprin- 
kler from the bottom of the deck. For deeper decks, the dis- 
tance shall be measured to the highest point on the deck. 


8.5.4.1.3 For ceilings that have insulation attached directly to 
underside of the ceiling or roof structure, the deflector dis- 
tance shall be measured from the bottom of the insulation and 
shall be in accordance with 8.5.4.1.3.1 or 8.5.4.1.3.2. 


8.5.4.1.3.1 For insulation that is attached directly to the ceil- 
ing or roof structure and is installed flat and parallel to the 
ceiling or roof structure, the deflector distance shall be mea- 
sured to the underside of the insulation. 


8.5.4.1.3.2 For insulation that is installed in a manner that 
causes it to deflect or sag down from the ceiling or roof struc- 
ture, the deflector distance shall be measured as half of the 
distance of the deflection from the insulation high point to 
the insulation low point. If the deflection or sag in the insula- 
tion exceeds 6 in. (152 mm), the deflector distance shall be 
measured to the high point of the insulation. The deflector 
shall not be positioned above the low point of the insulation. 


8.5.4.1.4* Heat collectors shall not be used as a means to assist 
the activation of a sprinkler. 


8.5.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings, roofs, or the incline of stairs. 


8.5.5 Obstructions to Sprinkler Discharge. 


8.5.5.1* Performance Objective. Sprinklers shall be located so 
as to minimize obstructions to discharge as defined in 8.5.5.2 
and 8.5.5.3, or additional sprinklers shall be provided to en- 
sure adequate coverage of the hazard. (See Figure A.8.5.5.1.) 


8.5.5.2* Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 


8.5.5.2.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.5.5.2. 


8.5.5.2.2 Sprinklers shall be positioned in accordance with the 
minimum distances and special requirements of Section 8.6 
through Section 8.12 so that they are located sufficiently away 
from obstructions such as truss webs and chords, pipes, columns, 
and fixtures. 


8.5.5.3“ Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. Continuous or noncontinuous obstruc- 
tions that interrupt the water discharge in a horizontal plane 
more than 18 in. (457 mm) below the sprinkler deflector in a 
manner to limit the distribution from reaching the protected 
hazard shall comply with 8.5.5.3. 


8.5.5.3.1 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 


8.5.5.3.2 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 


8.5.5.3.3* Sprinklers installed under open gratings shall be of 
the intermediate level/rack storage type or otherwise shielded 
from the discharge of overhead sprinklers. 


8.5.6* Clearance to Storage. 


8.5.6.1* Unless the requirements of 8.5.6.2, 8.5.6.3, 8.5.6.4, or 
8.5.6.5 are met, the clearance between the deflector and the 
top of storage shall be 18 in. (457 mm) or greater. 


8.5.6.2 Where other standards specify greater clearance to 
storage minimums, they shall be followed. 


8.5.6.3 A minimum clearance to storage of 36 in. (914 mm) 
shall be permitted for special sprinklers. 


8.5.6.4 A minimum clearance to storage of less than 18 in. 
(457 mm) between the top of storage and ceiling sprinkler 
deflectors shall be permitted where proven by successful large- 
scale fire tests for the particular hazard. 


8.5.6.5 The clearance from the top of storage to sprinkler 
deflectors shall be not less than 36 in. (914 mm) where rubber 
tires are stored. 


8.5.7 Skylights. 


8.5.7.1 Sprinklers shall be permitted to be omitted from sky- 
lights not exceeding 32 ft? (3 m?) in area, regardless of hazard 
classification, that are separated by at least 10 ft (3 m) horizon- 
tally from any other unprotected skylight or unprotected ceil- 
ing pocket. 


8.5.7.2 Skylights not exceeding 32 ft? (3 m?) shall be permit- 
ted to have a plastic cover. 


8.6 Standard Pendent and Upright Spray Sprinklers. 


8.6.1 General. All requirements of Section 8.5 shall apply to 
standard pendent and upright spray sprinklers except as 
modified in Section 8.6. 


8.6.2 Protection Areas per Sprinkler (Standard Pendent and 
Upright Spray Sprinklers). 

8.6.2.1 Determination of the Protection Area of Coverage. 
8.6.2.1.1 Except as permitted by 8.6.2.1.2, the protection 


area of coverage per sprinkler (A,) shall be determined in 
accordance with 8.5.2.1. 


8.6.2.1.2 The requirements of 8.6.2.1.1 shall not apply in a 
small room as defined in 3.3.17; the protection area of cover- 
age for each sprinkler in the small room shall be the area of 
the room divided by the number of sprinklers in the room. 


8.6.2.2 Maximum Protection Area of Coverage. 


8.6.2.2.1* The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in Table 8.6.2.2.1(a) through Table 8.6.2.2.1(d). 
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Table 8.6.2.2.1(a) Protection Areas and Maximum Spacing of Standard Pendent and Upright Spray Sprinklers for Light Hazard 


Protection Area Maximum Spacing 

Construction Type System Type ft? m? ft m 

Noncombustible obstructed and Pipe schedule 200 18.6 15 4.6 
unobstructed 

Combustible unobstructed with Pipe schedule 200 18.6 15 4.6 
exposed members 3 ft (0.91 m) 
or more on center 

Noncombustible obstructed and Hydraulically 225 20.9 15 4.6 
unobstructed calculated 

Combustible unobstructed with Hydraulically 225 20.9 15 4.6 
exposed members 3 ft (0.91 m) calculated 
or more on center 

Combustible obstructed with All 168 15.6 15 4.6 
exposed members 3 ft (0.91 m) 
or more on center 

Combustible obstructed or All 130 12.1 15 4.6 
unobstructed with exposed 
members less than 3 ft (0.91 m) 
on center 

Combustible concealed space All 120 11.1 15 4.6 
under a pitched roof having parallel to the parallel to the 
combustible wood joist or wood slope slope 
truss construction with 10 3.05 
members less than 3 ft (0.91 m) perpendicular perpendicular 


on center with slopes having a 
pitch of 4 in 12 or greater 


“See 8.6.2.2.1.1. 


Table 8.6.2.2.1(b) Protection Areas and Maximum Spacing 
of Standard Pendent and Upright Spray Sprinklers for 
Ordinary Hazard 


to the slope" to the slope" 


Table 8.6.2.2.1(c) Protection Areas and Maximum Spacing 
of Standard Pendent and Upright Spray Sprinklers for Extra 
Hazard 


Protection Maximum Protection Maximum 
Area Spacing Area Spacing 
Construction System Construction 
Type Type ft? m? ft m Type System Type fË m? ft m 
All All 130 12.1 15 4.6 All Pipe schedule 90 8.4 12* 3.7* 
All Hydraulically 100 9.3 12* 3,7* 
calculated with 
density 20.25 
All Hydraulically 130 12.1 15 46 


8.6.2.2.1.1 Where the dimension perpendicular to the slope 
exceeds 8 ft (2.4 m), the minimum pressure shall be 20 psi 
(1.4 bar). 


8.6.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 225 ft? (21 m°). 


8.6.3 Sprinkler Spacing (Standard Pendent and Upright Spray 
Sprinklers). 


8.6.3.1 Maximum Distance Between Sprinklers. The maxi- 
mum distance permitted between sprinklers shall comply with 
Table 8.6.2.2.1 (a) through Table 8.6.2.2.1 (d). 


8.6.3.2 Maximum Distance from Walls. 


8.6.3.2.1 The distance from sprinklers to walls shall not ex- 
ceed one-half of the allowable distance between sprinklers as 
indicated in Table 8.6.2.2.1 (a) through Table 8.6.2.2.1 (d). 
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calculated with 
density <0.25 


“In buildings where solid structural members create bays up to 25 ft 
(7.6 m) wide, maximum spacing between sprinklers is permitted up to 
12 ft 6 in. (3.8 m). 


8.6.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.6.3.2.3# The requirements of 8.6.3.2.1 shall not apply where 
walls are angled or irregular, and the maximum horizontal 
distance between a sprinkler and any point of floor area pro- 
tected by that sprinkler shall not exceed 0.75 times the allow- 
able distance permitted between sprinklers, provided the 
maximum perpendicular distance is not exceeded. 
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Table 8.6.2.2.1(d) Protection Areas and Maximum Spacing 
of Standard Pendent and Upright Spray Sprinklers for 
High-Piled Storage 


Protection Maximum 
Area Spacing 

Construction —— — —— 
Type System Type fê m? ft m 

All Hydraulically 100 9.3 Oe 3" 


calculated with 
density 20.25 
All Hydraulically 130 12.1 15 4.6 
calculated with 
density <0.25 


“In buildings where solid structural members create bays up to 25 ft 
(7.6 m) wide, maximum spacing between sprinklers is permitted up to 
12 ft 6 in. (3.8 m). 


8.6.3.2.4* The requirements of 8.6.3.2.1 shall not apply within 
small rooms as defined in 3.3.17, sprinklers shall be permitted 
to be located not more than 9 ft (2.7 m) from any single wall, 
and sprinkler spacing limitations of 8.6.3 and area limitations 
of Table 8.6.2.2.1(a) shall not be exceeded. 


8.6.3.2.5 Under curved surfaces, the horizontal distance shall 
be measured at the floor level from the wall, or the intersec- 
tion of the curved surface and the floor to the nearest sprin- 
kler shall not be greater than one-half the allowable distance 
between sprinklers. 


8.6.3.3 Minimum Distances from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall. 


8.6.3.4 Minimum Distances Between Sprinklers. 


8.6.3.4.1 Unless the requirements of 8.6.3.4.2, 8.6.3.4.3, or 
8.6.3.4.4 are met, sprinklers shall be spaced not less than 6 ft 
(1.8 m) on center. 


8.6.3.4.2 Sprinklers shall be permitted to be placed less 
than 6 ft (1.8 m) on center where the following conditions 
are satisfied: 


(1) Baffles shall be installed and located midway between sprin- 
klers and arranged to protect the actuating elements. 

(2) Baffles shall be of noncombustible or limited-combustible 
material that will stay in place before and during sprinkler 
operation. 

(3) Baffles shall be not less than 8 in. (203 mm) wide and 6 in. 
(152 mm) high. 

(4) The tops of baffles shall extend between 2 in. and 3 in. 
(51 mm and 76 mm) above the deflectors of upright 
sprinklers. 

(5) The bottoms of baffles shall extend downward to a level at 
least even with the deflectors of pendent sprinklers. 


8.6.3.4.3 In-rack sprinklers shall be permitted to be placed 
less than 6 ft (1.8 m) on center. 


8.6.3.4.4 Old-style sprinklers protecting fur storage vaults 
shall be permitted to be placed less than 6 ft (1.8 m) on center. 


8.6.4 Deflector Position (Standard Pendent and Upright 
Spray Sprinklers). 


8.6.4.1 Distance Below Ceilings. 
8.6.4.1.1 Unobstructed Construction. 


8.6.4.1.1.1 Under unobstructed construction, the distance 
between the sprinkler deflector and the ceiling shall be a mini- 


mum of | in. (25.4 mm) and a maximum of 12 in. (305 mm) 
throughout the area of coverage of the sprinkler. 


8.6.4.1.1.2 The requirements of 8.6.4.1.1.1 shall not apply 
where ceiling-type sprinklers (concealed, recessed, and flush 
types) have the operating element above the ceiling and the 
deflector located nearer to the ceiling where installed in ac- 
cordance with their listing. 


8.6.4.1.1.3 The requirements of 8.6.4.1.1.1 shall not apply for 
light and ordinary hazard occupancies with ceilings of non- 
combustible or limited-combustible construction. 


(A) Where a vertical change in ceiling elevation within the area 
of coverage of the sprinkler creates a distance of more than 36 in. 
(914 mm) between the upper ceiling and the sprinkler deflector, 
a vertical plane extending down from the ceiling at the change in 
elevation shall be considered a wall for the purpose of sprinkler 
spacing as shown in Figure 8.6.4.1.1.3(A). 


Maximum 
I~ WS >| 


i Y 

1 ——_ "> 
Maximum 

<— 1, S —- 


«— Vertical plane treated as wall 
for sprinkler spacing 


wc — 


X> 36 in. (914 mm) 
S = Maximum allowable distance 
between sprinklers 


FIGURE 8.6.4.1.1.3(A) Vertical Change in Ceiling Elevation 
Greater Than 36 in. (914 mm). 


(B) Where the distance between the upper ceiling and the 
sprinkler deflector is less than or equal to 36 in. (914 mm), the 
sprinklers shall be permitted to be spaced as though the ceil- 
ing was flat, provided the obstruction rules are observed as 
shown in Figure 8.6.4.1.1.3(B). 


8.6.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler deflector shall be located in accor- 
dance with one of the following arrangements: 


(1) Installed with the deflectors within the horizontal planes 
of l in. to 6 in. (25.4 mm to 152 mm) below the structural 
members and a maximum distance of 22 in. (559 mm) 
below the ceiling/roof deck 

(2) Installed with the deflectors at or above the bottom of the 
structural member to a maximum of 22 in. (559 mm) 
below the ceiling/roof deck where the sprinkler is in- 
stalled in conformance with 8.6.5.1.2 
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— 


l X< 36 in. (914 mm) 
S = Maximum allowable distance 
between sprinklers 


FIGURE 8.6.4.1.1.3(B) Vertical Change in Ceiling Elevation 
Less Than or Equal to 36 in. (914 mm). 


(3) Installed in each bay of obstructed construction, with the 
deflectors located a minimum of | in. (25.4 mm) anda 
maximum of 12 in. (305 mm) below the ceiling 

(4) Installed with the deflectors within the horizontal planes 
lin. to 6 in. (25.4 mm to 152 mm) below composite wood 
joists to a maximum distance of 22 in. (559 mm) below 
the ceiling/roof deck only where joist channels are fire- 
stopped to the full depth of the joists with material equiva- 
lent to the web construction so that individual channel 
areas do not exceed 300 ft? (27.9 m?) 

(5)*Installed with deflectors of sprinklers under concrete tee 
construction with stems spaced less than 7% ft (2.3 m) but 
more than 3 ft (0.91 m) on centers, regardless of the 
depth of the tee, located at or above a horizontal plane 
lin. (25.4 mm) below the bottom of the stems of the tees 
and shall comply with Table 8.6.5.1.2 


8.6.4.1.3 Peaked Roofs and Ceilings. 


8.6.4.1.3.1 Unless the requirements of 8.6.4.1.3.2 or 8.6.4.1.3.3 
are met, sprinklers under or near the peak of a roof or ceiling 
shall have deflectors located not more than 36 in. (914 mm) ver- 
tically down from the peak as indicated in Figure 8.6.4.1.3.1(a) 
and Figure 8.6.4.1.3.1(b). 


8.6.4.1.3.2* Under saw-toothed roofs, sprinklers at the highest 
elevation shall not exceed a distance of 36 in. (914 mm) mea- 
sured down the slope from the peak. 


8.6.4.1.3.3* Under a steeply pitched surface, the distance 
from the peak to the deflectors shall be permitted to be in- 
creased to maintain a horizontal clearance of not less than 
24 in. (610 mm) from other structural members as indicated 
in Figure 8.6.4.1.3.3. 


8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible 
Concealed Spaces of Wood Joist or Wood Truss Construction 
with Members 3 ft (0.91 m) or Less on Center and a Slope 
Having a Pitch of 4 in 12 or Greater. See Figure 8.6.4.1.4. 


8.6.4.1.4.1 Sprinklers under a roof or ceiling in combustible 
concealed spaces of wood joist or wood truss construction with 
members 3 ft (0.91 m) or less on center and a slope having a 
pitch of 4 in 12 or greater shall be quick response. 


8.6.4.1.4.2 Sprinklers under a roof or ceiling in combustible 
concealed spaces of wood joist or wood truss construction with 
members 3 ft (0.91 m) or less on center and a slope having a 
pitch of 4 in 12 or greater shall be installed so that a row of 
sprinklers is installed within 12 in. (305 mm) horizontally of 
the peak and between 1 in. and 12 in. (25.4 mm and 305 mm) 
down from the bottom of the top chord member. 
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FIGURE 8.6.4.1.3.1(a) Sprinklers Under Pitched Roofs with 
Sprinkler Directly Under Peak; Branch Lines Run Up the Slope. 
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FIGURE 8.6.4.1.3.1(b) Sprinklers at Pitched Roofs; Branch 
Lines Run Up the Slope. 


8.6.4.1.4.3 Sprinklers under a roof or ceiling in combustible 
concealed spaces of wood joist or wood truss construction with 
members 3 ft (0.91 m) or less on center and a slope having a 
pitch of 4 in 12 or greater shall be installed so that the sprin- 
klers installed along the eave are located not less than 5 ft 
(1.52 m) from the intersection of the truss chords, or the 
wood rafters and ceiling joists. 
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FIGURE 8.6.4.1.3.3 Horizontal Clearance for Sprinklers at 
Peak of Pitched Roof. 


WG 


Additional sprinklers spaced 
along slope as required 


Paragraph 8.6.4.1.4.3 


5 ft minimum* e 


Paragraph 8.6.4.1.4.2 

Row of sprinklers required within 12 in. 
horizontally and between 1 in. and 12 in. 

down from the bottom of the top chord member 


Additional sprinklers spaced 
along slope as required 


aragraph 8.6.4.1.4.3 


Roof or ceiling combustible 
concealed space 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 


or the wood rafters and ceiling joists. 


on Center and a Slope Having a Pitch of 4 in 12 or Greater. 


8.6.4.1.4.4 Sprinklers under a roof or ceiling in combustible 
concealed spaces, consisting of combustible wood joist or 
wood truss construction with members spaced less than 3 ft 
(0.91 m) on center, used with slopes with a pitch at or exceed- 
ing 4in 12, and using standard spray sprinklers, shall be quick 
response having pressures in accordance with the require- 
ments of Table 8.6.2.2.1 (a). 


8.6.4.1.5 Double Joist Obstructions. 


8.6.4.1.5.1 Unless the requirements of 8.6.4.1.5.2 are met, 
where there are two sets of joists under a roof or ceiling, and 
there is no flooring over the lower set, sprinklers shall be in- 
stalled above and below the lower set of joists where there is a 
clearance of 6 in. (152 mm) or more between the top of the 
lower joist and the bottom of the upper joist as indicated in 
Figure 8.6.4.1.5.1. 


8.6.4.1.5.2 Sprinklers shall be permitted to be omitted from 
below the lower set of joists where at least 18 in. (457 mm) is 
maintained between the sprinkler deflector and the top of the 
lower joist. 


*Note: The 5 ft minimum dimension is measured from the intersection of the upper and lower truss chords, 


FIGURE 8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible Concealed 
Spaces of Wood Joist or Wood Truss Construction with Members 3 ft (0.91 m) or Less 


Open joists 
aa 
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Lit aa of a 1 oo 
A A | 4 
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Less than 6 in. 1 No ceiling 
<— (152mm) SPS or flooring 
below only 


FIGURE 8.6.4.1.5.1 Arrangement of Sprinklers Under Two 
Sets of Open Joists — No Sheathing on Lower Joists. 


8.6.4.2 Deflector Orientation. 


8.6.4.2.1 Unless the requirements of 8.6.4.2.2 or 8.6.4.2.3 are 
met, deflectors of sprinklers shall be aligned parallel to ceil- 


ings, roofs, or the incline of stairs. 
2010 Edition E 


Posted by Public.Resource.Org. Not affiliated with NFPA 


13-56 INSTALLATION OF SPRINKLER SYSTEMS 


8.6.4.2.2 Where sprinklers are installed in the peak below a 
sloped ceiling or roof surface, the sprinkler shall be installed 
with the deflector horizontal. 


8.6.4.2.3 Roofs having a pitch not exceeding 2 in 12 (16.7 per- 
cent) are considered horizontal in the application of 8.6.4.2, and 
sprinklers shall be permitted to be installed with deflectors hori- 
zontal. 


8.6.5 Obstructions to Sprinkler Discharge (Standard Pendent 
and Upright Spray Sprinklers). 


8.6.5.1 Performance Objective. 


8.6.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.6.5.2 and 8.6.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.6.5.1.2* Sprinklers shall be arranged to comply with one of 
the following arrangements: 


(1) Subsection 8.5.5.2, Table 8.6.5.1.2, and Figure 8.6.5.1.2(a). 

(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width, 
provided the distance from the centerline of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 

(3) Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
protected in accordance with Figure 8.6.5.1.2(b). 


8.6.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 


8.6.5.2.1 General. 


8.6.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.6.5.2. 


Table 8.6.5.1.2 Positioning of Sprinklers to Avoid 
Obstructions to Discharge [Standard Spray 
Upright/Standard Spray Pendent (SSU/SSP)] 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sprinklers to 
Side of Obstruction (A) 


Less than 1 ft 0 
1 ft to less than 1 ft 6 in. 26 
1 ft 6 in. to less than 2 ft 3% 
2 ft to less than 2 ft 6 in. 519 
2 ft 6 in. to less than 3 ft 7% 
3 ft to less than 3 ft 6 in. 9% 
3 ft 6 in. to less than 4 ft 12 
4 ft to less than 4 ft 6 in. 14 
4 ft 6 in. to less than 5 ft 16% 
5 ft to less than 5 ft 6 in. 18 
5 ft 6 in. to less than 6 ft 20 
6 ft to less than 6 ft 6 in. 24 
6 ft 6 in. to less than 7 ft 30 
7 ft to less than 7 ft 6 in. 35 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.6.5.1.2(a). 


im 2010 Edition 


UMMM 


Ceiling 


V 


a 
Obstruction 
A 


Elevation View 


FIGURE 8.6.5.1.2(a) Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (SSU/SSP). 
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FIGURE 8.6.5.1.2(b) Obstructions Against Walls (SSU/SSP). 


8.6.5.2.1.2 Regardless of the rules of 8.6.5.2, solid continuous 
obstructions shall meet the applicable requirements of 8.6.5.1.2. 


8.6.5.2.1.3* Unless the requirements of 8.6.5.2.1.4 through 
8.6.5.2.1.9 are met, sprinklers shall be positioned away from ob- 
structions a minimum distance of three times the maximum di- 
mension of the obstruction (e.g., structural members, pipe, col- 
umns, and fixtures). The maximum clear distance required shall 
be 24 in. (609 mm) in accordance with Figure 8.6.5.2.1.3. 


8.6.5.2.1.4* For light and ordinary hazard occupancies, struc- 
tural members only shall be considered when applying the 
requirements of 8.6.5.2.1.3. 


8.6.5.2.1.5 Sprinklers shall be permitted to be spaced on op- 
posite sides of the obstruction where the distance from the 
centerline of the obstruction to the sprinklers does not exceed 
one-half the allowable distance between sprinklers. 
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Elevation View of Truss 


(Use dimension C or D, whichever is greater) 


FIGURE 8.6.5.2.1.3 Minimum Distance from Obstruction (SSU/SSP). 


8.6.5.2.1.6 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruc- 
tion consists of open trusses 20 in. (0.51 m) or greater apart 
[24 in. (0.61 m) on center], provided that all truss members 
are not greater than 4 in. (102 mm) (nominal) in width. 


8.6.5.2.1.7 Sprinklers shall be permitted to be installed on 
the centerline of a truss or bar joist or directly above a beam, 
provided that the truss chord or beam dimension is not more 
than 8 in. (203 mm) and the sprinkler deflector is located at 
least 6 in. (152 mm) above the structural member and where 
the sprinkler is positioned at a distance three times greater 
than the maximum dimension of the web members away from 
the web members. 


8.6.5.2.1.8 The requirements of 8.6.5.2.1.3 shall not apply to 
sprinkler system piping less than 3 in. (80 mm) in diameter. 


8.6.5.2.1.9 The requirements of 8.6.5.2.1.3 shall not apply to 
sprinklers positioned with respect to obstructions in accor- 
dance with 8.6.5.1.2. 


8.6.5.2.1.10* Sprinklers shall be permitted to be placed with- 
out regard to the blades of ceiling fans less than 60 in. (1.5 m) 
in diameter, provided the plan view of the fan is at least 50 per- 
cent open. 


8.6.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, freestanding 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.6.5.2.2 
and Figure 8.6.5.2.2. 


8.6.5.2.2.1* In light hazard occupancies, privacy curtains, as 
shown in Figure 8.6.5.2.2, shall not be considered obstructions 
where all of the following are met: 


(1) The curtains are supported by fabric mesh on ceiling track. 

(2) Openings in the mesh are equal to 70 percent or greater. 

(3) The mesh extends a minimum of 22 in. (559 mm) down 
from ceiling. 


Table 8.6.5.2.2 Suspended or Floor-Mounted Obstructions 
in Light Hazard Occupancies Only (SSU/SSP) 


Minimum Vertical 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 3 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 
More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 12% 
More than 24 in. to 30 in. 15% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.6.5.2.2. 


Ceiling or roof 


t 


Floor 


FIGURE 8.6.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions in Light Hazard Occupancies Only (SSU/SSP). 
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8.6.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.6.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.6.5.3. 


8.6.5.3.2 The requirements of 8.6.5.3 shall also apply to ob- 
structions 18 in. (457 mm) or less below the sprinkler for light 
and ordinary hazard occupancies. 


8.6.5.3.3 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide, such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 


8.6.5.3.4 Sprinklers shall not be required below obstructions 
that are not fixed in place, such as conference tables. 


8.6.5.3.5 Sprinklers installed under open gratings shall be of 
the intermediate level/rack storage type or otherwise shielded 
from the discharge of overhead sprinklers. 


8.6.6* Clearance to Storage (Standard Pendent and Upright 
Spray Sprinklers). 


8.6.6.1 The clearance between the deflector and the top of 
storage shall be 18 in. (457 mm) or greater. 


8.6.6.2 Where other standards specify greater clearance to 
storage minimums, they shall be followed. 


8.6.7 Ceiling Pockets (Standard Pendent and Upright Spray 
Sprinklers). 


8.6.7.1* Except as provided in 8.6.7.2 and 8.6.7.3, sprinklers 
shall be required in all ceiling pockets. 


8.6.7.2 Sprinklers shall not be required in ceiling pockets 
where all of the following are met: 


(1) The total volume of the unprotected ceiling pocket does 
not exceed 1000 ft? (28.3 m°). 

(2) The depth of the unprotected ceiling pocket does not 
exceed 36 in. (914 mm). 

(3) The entire floor under the unprotected ceiling pocket is 
protected by sprinklers at the lower ceiling elevation. 
(4)*The total size of all unprotected ceiling pockets in the 
same compartment within 10 ft (3 m) of each other does 

not exceed 1000 ft? (28.3 m3). 


(5) The unprotected ceiling pocket has noncombustible or 
limited-combustible finishes. 

(6) Quick-response sprinklers are utilized throughout the 
compartment. 


8.6.7.3 Sprinklers shall not be required in skylights and simi- 
lar pockets in accordance with 8.5.7. 


8.7 Sidewall Standard Spray Sprinklers. 


8.7.1 General. All requirements of Section 8.5 shall apply to 
sidewall standard spray sprinklers except as modified in Sec- 
tion 8.7. 


8.7.2 Protection Areas per Sprinkler (Standard Sidewall Spray 
Sprinklers). 


8.7.2.1 Determination of the Protection Area of Coverage. 


8.7.2.1.1 The protection area of coverage per sprinkler (A,) 
shall be determined as follows: 


(1) Along the wall as follows: 

(a) Determine the distance between sprinklers along the 
wall (or to the end wall or obstruction in the case of 
the end sprinkler on the branch line) upstream and 
downstream. 

(b) Choose the larger of either twice the distance to the 
end wall or the distance to the next sprinkler. 

(c) This dimension will be defined as S. 

(2) Across the room as follows: 

(a) Determine the distance from the wall on which the 
sprinkler is installed to the wall opposite the sprin- 
klers or to the midpoint of the room where sprinklers 
are installed on two opposite walls (see 8.7.3.1.5 and 
8.7.3.1.6). 

(b) This dimension will be defined as L. 


8.7.2.1.2 The protection area of the sprinkler shall be estab- 
lished by multiplying the S dimension by the L dimension, as 
follows: 


A, =SxL 
8.7.2.2 Maximum Protection Area of Coverage. 


8.7.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in Table 8.7.2.2.1. 


8.7.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 196 ft? (18.2 m°). 


Table 8.7.2.2.1 Protection Areas and Maximum Spacing (Standard Sidewall Spray Sprinkler) 


Light Hazard Ordinary Hazard 
Noncombustible Noncombustible 
Combustible or Limited- Combustible or Limited- 
Ceiling Combustible Ceiling Combustible 
Finish Ceiling Finish Finish Ceiling Finish 
Maximum distance along 14 ft 14 ft 10 ft 10 ft 
the wall (S) 
Maximum room width (L) 12 ft 14 ft 10 ft 10 ft 
Maximum protection area 120 ft? 196 ft? 80 ft? 100 ft? 


For SI units, 1 ft = 0.3048 m; 1 ft? = 0.0929 m2. 
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8.7.3 Sprinkler Spacing (Standard Sidewall Spray Sprinklers). 
8.7.3.1 Maximum Distance Between Sprinklers. 


8.7.3.1.1 The maximum distance permitted between sidewall 
spray sprinklers shall be based on the centerline distance be- 
tween sprinklers on the branch line. 


8.7.3.1.2 The maximum distance between sidewall spray 
sprinklers or to a wall shall be measured along the slope of the 
ceiling. 


8.7.3.1.3 Where sidewall spray sprinklers are installed along 
the length of a single wall of rooms or bays, they shall be 
spaced in accordance with the maximum spacing provisions of 
Table 8.7.2.2.1. 


8.7.3.1.4 Sidewall spray sprinklers shall not be installed back-to- 
back without being separated by a continuous lintel or soffit. 


8.7.3.1.5 Where sidewall spray sprinklers are installed on two 
opposite walls or sides of bays, the maximum width of the 
room or bay shall be permitted to be up to 24 ft (7.32 m) for 
light hazard occupancy or 20 ft (6.1 m) for ordinary hazard 
occupancy, with spacing as required by Table 8.7.2.2.1. 


8.7.3.1.6 Sidewall spray sprinklers shall be permitted to be 
installed on opposing or adjacent walls, provided no sprinkler 
is located within the maximum protection area of another 
sprinkler. 


8.7.3.1.7 Where sidewall standard spray sprinklers are installed 
to protect areas below overhead doors within ordinary hazard 
occupancy spaces or rooms, protection area and maximum 
sprinkler spacing for light hazard as specified in Table 8.7.2.2.1 
shall be permitted under the overhead doors. 


8.7.3.2 Maximum Distance from Walls. The distance from 
sprinklers to the end walls shall not exceed one-half of the 
allowable distance permitted between sprinklers as indicated 
in Table 8.7.2.2.1. 


8.7.3.3 Minimum Distance from Walls. 


8.7.3.3.1 Sprinklers shall be located a minimum of 4 in. 
(102 mm) from an end wall. 


8.7.3.3.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.7.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 6 ft (1.8 m) on center unless 
required by 8.7.4.1.3.1. 


8.7.4 Deflector Position from Ceilings and Walls (Standard 
Sidewall Spray Sprinklers). 

8.7.4.1 Distance Below Ceilings and from Walls. 

8.7.4.1.1 Ceilings. 


8.7.4.1.1.1 Unless the requirements of 8.7.4.1.1.2 are met, 
sidewall sprinkler deflectors shall be located not more than 
6 in. (152 mm) or less than 4 in. (102 mm) from ceilings. 


8.7.4.1.1.2 Horizontal sidewall sprinklers shall be permitted 
to be located in a zone 6 in. to 12 in. (152 mm to 305 mm) or 
12 in. to 18 in. (305 mm to 457 mm) below noncombustible 
and limited-combustible ceilings where listed for such use. 


8.7.4.1.2 Walls. 


8.7.4.1.2.1 Vertical sidewall sprinkler deflectors shall be lo- 
cated not more than 6 in. (152 mm) or less than 4 in. 
(102 mm) from the wall from which they are projecting. 


8.7.4.1.2.2 Horizontal sidewall sprinkler deflectors shall be 
located no more than 6 in. (152 mm), and are permitted to be 
located with their deflectors less than 4 in. (102 mm), from 
the wall on which they are mounted. 


8.7.4.1.3 Lintels and Soffits. 


8.7.4.1.3.1 Where soffits used for the installation of sidewall 
sprinklers exceed 8 in. (203 mm) in width or projection from the 
wall, additional sprinklers shall be installed below the soffit. 


8.7.4.1.3.2* Where soffits used for the installation of sidewall 
sprinklers are less than or equal to 8 in. (203 mm) in width or 
projection from the wall, additional sprinklers shall not be 
required below the soffit when the sidewall sprinkler on the 
soffit is within 4 in. (102 mm) from the bottom of the soffit. 


8.7.4.1.3.3* A sidewall sprinkler shall be permitted to be in- 
stalled under a soffit when both the minimum distance from 
the sprinkler deflector to the bottom of the soffit and maxi- 
mum distance from the sprinkler deflector to the high ceiling 
is maintained. 


8.7.4.2 Deflector Orientation. 


8.7.4.2.1 Deflectors of sprinklers shall be aligned parallel to 
ceilings or roofs. 


8.7.4.2.2 Sidewall sprinklers, where installed under a sloped 
ceiling with a slope exceeding 2 in 12, shall be located at the 
high point of the slope and positioned to discharge downward 
along the slope. 


8.7.5 Obstructions to Sprinkler Discharge (Standard Sidewall 
Spray Sprinklers). 


8.7.5.1 Performance Objective. 


8.7.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.7.5.1.2 Sidewall sprinklers shall be installed no closer than 
4 ft (1.2 m) from light fixtures or similar obstructions. 


8.7.5.1.3 The distance between light fixtures or similar obstruc- 
tions located more than 4 ft (1.2 m) from the sprinkler shall be in 
conformity with Table 8.7.5.1.3 and Figure 8.7.5.1.3. 


8.7.5.1.4 Obstructions projecting from the same wall as the 
one on which the sidewall sprinkler is mounted shall be in 
accordance with Table 8.7.5.1.4 and Figure 8.7.5.1.4. 


8.7.5.1.4.1 Isolated obstructions projecting from the same 
wall as the one on which the sidewall sprinkler is mounted 
shall be located a minimum of 4 in. (102 mm) from the side- 
wall sprinkler. 


8.7.5.1.5 Sprinklers shall be permitted to be spaced on oppo- 
site sides of obstructions less than 4 ft (1.22 m) in width where 
the distance from the centerline of the obstruction to the 
sprinklers does not exceed one-half the allowable distance be- 
tween sprinklers. 


8.7.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 


8.7.5.2.1 General. 


8.7.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with this section. 
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Table 8.7.5.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Standard Sidewall Spray Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 


Less than 4 ft Not allowed 
4 ft to less than 5 ft 

5 ft to less than 5 ft 6 in. 
5 ft 6 in. to less than 6 ft 
6 ft to less than 6 ft 6 in. 
6 ft 6 in. to less than 7 ft 
7 ft to less than 7 ft 6 in. 
7 ft 6 in. to less than 8 ft 
8 ft to less than 8 ft 6 in. 
8 ft 6 in. or greater 


Br O TOK ON 


= m 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.7.5.1.3. 


UMMM 


Y Ceiling or roof 
a 


Obstruction 


Wall 


WG gl  $' ’W 


Elevation View 


FIGURE 8.7.5.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Standard Sidewall Spray Sprinklers). 


8.7.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.7.5.1.2 
and 8.7.5.1.3. 


8.7.5.2.1.3* Unless the requirements of 8.7.5.2.1.4 or 
8.7.5.2.1.5 are met, sprinklers shall be positioned away from 
obstructions a minimum distance of three times the maxi- 
mum dimension of the obstruction (e.g., truss webs and 
chords, pipe, columns, and fixtures). The maximum clear dis- 
tance required shall be 24 in. (609 mm) and shall be posi- 
tioned in accordance with Figure 8.7.5.2.1.3 where obstruc- 
tions are present. 


8.7.5.2.1.4 The requirements of 8.7.5.2.1.3 shall not apply to 
sprinkler system piping less than 3 in. (80 mm) in diameter. 


8.7.5.2.1.5 The requirements of 8.7.5.2.1.3 shall not apply 
where sprinklers are positioned with respect to obstructions in 
accordance with 8.7.5.1.2, 8.7.5.1.3, and 8.7.5.1.4. 
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Table 8.7.5.1.4 Positioning of Sprinklers to Avoid 
Obstructions Along the Wall (Standard Sidewall Spray 
Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 


4 in. to less than 6 in. 1 
6 in. to less than 1 ft 2 
1 ft to less than 1 ft 6 in. 3 
1 ft 6 in. to less than 2 ft 4% 
2 ft to less than 2 ft 6 in. 5% 
2 ft 6 in. to less than 3 ft 7 
3 ft to less than 3 ft 6 in. 8 
3 ft 6 in. to less than 4 ft 94 
4 ft to less than 4 ft 6 in. 10 
4 ft 6 in. to less than 5 ft 11% 
5 ft to less than 5 ft 6 in. 12% 
5 ft 6 in. to less than 6 ft 14 
6 ft to less than 6 ft 6 in. 15 
6 ft 6 in. to less than 7 ft 164 
7 ft to less than 7 ft 6 in. 17% 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.7.5.1.4. 
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on wall 
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A 


Elevation View 


FIGURE 8.7.5.1.4 Positioning of Sprinklers to Avoid Obstruc- 
tions Along the Wall (Standard Sidewall Spray Sprinklers). 


8.7.5.2.1.6* Sprinklers shall be permitted to be placed without 
regard to the blades of ceiling fans less than 60 in. (1.5 m) in 
diameter, provided the plan view of the fan is at least 50 per- 
cent open. 


8.7.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, free-standing 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.7.5.2.2 
and Figure 8.7.5.2.2. 


8.7.5.2.2.1* In light hazard occupancies, privacy curtains, as 
shown in Figure 8.7.5.2.2, shall not be considered obstructions 
where all of the following are met: 


(1) The curtains are supported by fabric mesh on ceiling track. 

(2) Openings in the mesh are equal to 70 percent or greater. 

(3) The mesh extends a minimum of 22 in. (559 mm) down 
from ceiling. 
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FIGURE 8.7.5.2.1.3 Minimum Distance from Obstruction (Standard Sidewall Spray Sprinkler). 


Table 8.7.5.2.2 Suspended or Floor-Mounted Obstructions 
(Standard Sidewall Spray Sprinklers) in Light Hazard 
Occupancies Only 


Minimum Vertical 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 5 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 
More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 124% 
More than 24 in. to 30 in. 15% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.7.5.2.2. 


8.7.5.3* Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.7.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 


8.7.5.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 


8.7.5.3.3 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 


8.7.6* Clearance to Storage (Standard Sidewall Spray Sprin- 
klers). The clearance between the deflector and the top of 
storage shall be 18 in. (457 mm) or greater. 
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Elevation View 


FIGURE 8.7.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Standard Sidewall Spray Sprinklers) in Light Hazard Oc- 
cupancies Only. 


8.8 Extended Coverage Upright and Pendent Spray Sprinklers. 


8.8.1 General. All requirements of Section 8.5 shall apply to 
extended coverage upright and pendent sprinklers except as 
modified in Section 8.8. 


8.8.2 Protection Areas per Sprinkler (Extended Coverage Up- 
right and Pendent Spray Sprinklers). 


8.8.2.1* Determination of the Protection Area of Coverage. 


8.8.2.1.1 The protection area of coverage (A,) for extended 
coverage sprinklers shall be not less than that prescribed by 


the listing. 
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8.8.2.1.2 Listing dimensions shall be even-numbered square 
protection areas as shown in Table 8.8.2.1.2. 


8.8.2.1.3 Determination of the protection area of coverage 
and sprinkler spacing for sprinklers listed for extended cover- 
age extra hazard or high-piled storage shall be permitted to be 
spaced in accordance with the requirements of 8.5.2 and 8.5.3 
and shall not exceed 14 ft (4.3 m) maximum spacing and 
196 ft? (18.2 m?) maximum area per sprinkler or 15 ft (4.6 m) 
maximum spacing and 144 ft? (13.4 m?) maximum area per 
sprinkler. 


8.8.2.2 Maximum Protection Area of Coverage. 


8.8.2.2.1* The maximum allowable area of coverage for a 
sprinkler (A,) shall be in accordance with the value indicated 
in Table 8.8.2.1.2. 


8.8.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 400 ft? (37.2 m’). 


8.8.3 Sprinkler Spacing (Extended Coverage Upright and 
Pendent Spray Sprinklers). 


8.8.3.1 Maximum Distance Between Sprinklers. 


8.8.3.1.1 The maximum distance permitted between sprin- 
klers shall be based on the centerline distance between sprin- 
klers on the branch line or on adjacent branch lines. 


8.8.3.1.2 The maximum distance shall be measured along 
the slope of the ceiling. 


8.8.3.1.3 The maximum distance permitted between sprin- 
klers shall comply with Table 8.8.2.1.2. 


8.8.3.2 Maximum Distance from Walls. 


8.8.3.2.1 The distance from sprinklers to walls shall not ex- 
ceed one-half of the allowable distance permitted between 
sprinklers as indicated in Table 8.8.2.1.2. 


8.8.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.8.3.2.3 Where walls are angled or irregular, the maximum 
horizontal distance between a sprinkler and any point of floor 


area protected by that sprinkler shall not exceed 0.75 times 
the allowable distance permitted between sprinklers. 


8.8.3.3 Minimum Distance from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall unless listed 
for distances less than 4 in. (102 mm). 


8.8.3.4 Minimum Distance Between Sprinklers. 


8.8.3.4.1 Unless the requirements of 8.8.3.4.2 are met, sprin- 
klers shall be spaced not less than 8 ft (2.4 m) on center. 


8.8.3.4.2 Sprinklers shall be permitted to be placed less than 8 ft 
(2.4 m) on center where the following conditions are satisfied: 


(1) Baffles shall be installed and located midway between sprin- 
klers and arranged to protect the actuating elements. 

(2) Baffles shall be of noncombustible or limited-combustible 
material that will stay in place before and during sprinkler 
operation. 

(3) Baffles shall be not less than 8 in. (203 mm) wide and 6 in. 
(152 mm) high. 

(4) The tops of baffles shall extend between 2 in. and 3 in. 
(51 mm and 76 mm) above the deflectors of upright 
sprinklers. 

(5) The bottoms of baffles shall extend downward to a level at 
least even with the deflectors of pendent sprinklers. 


8.8.4 Deflector Position (Extended Coverage Upright and 
Pendent Spray Sprinklers). 


8.8.4.1 Distance Below Ceilings. 
8.8.4.1.1 Unobstructed Construction. 


8.8.4.1.1.1 Under unobstructed construction, the distance 
between the sprinkler deflector and the ceiling shall be a mini- 
mum of l in. (25.4 mm) and a maximum of 12 in. (305 mm) 
throughout the area of coverage of the sprinkler. 


8.8.4.1.1.2 The requirements of 8.8.4.1.1.1 shall not apply 
where ceiling-type sprinklers (concealed, recessed, and flush 
types) have the operating element above the ceiling and the 
deflector located nearer to the ceiling where installed in ac- 
cordance with their listing. 


Table 8.8.2.1.2 Protection Areas and Maximum Spacing (Extended Coverage Upright and Pendent Spray Sprinklers) 


Light Hazard Ordinary Hazard Extra Hazard High-Piled Storage 
Protection Protection Protection Protection 

Area Spacing Area Spacing Area Spacing Area Spacing 
Construction Type (ft?) (ft) (ft?) (ft) (ft?) (ft) (ft?) (ft) 
Unobstructed 400 20 400 20 — — — — 
324 18 324 18 — — — — 
256 16 256 16 — — — — 
— — 196 14 196 14 196 14 
— — 144 12 144 15 144 15 
Obstructed 400 20 400 20 — — — — 
noncombustible (when 324 18 324 18 — — — — 
specifically listed for 256 16 256 16 — — — — 
such use) — — 196 14 196 14 196 14 
— — 144 12 144 15 144 15 

Obstructed combustible N/A N/A N/A N/A N/A N/A N/A N/A 


For SI units, 1 ft = 0.3048 m; 1 ft? = 0.0929 m2. 
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8.8.4.1.1.3 The requirements of 8.8.4.1.1.1 shall not apply 
where sprinklers are listed for use under other ceiling con- 
struction features or for different distances where they shall be 
permitted to be installed in accordance with their listing. 


8.8.4.1.1.4 The requirements of 8.8.4.1.1.1 shall not apply for 
light and ordinary hazard occupancies with ceilings of non- 
combustible or limited-combustible construction. 


(A)* Where a vertical change in ceiling elevation within the 
area of coverage of the sprinkler creates a distance of more 
than 36 in. (914mm) between the upper ceiling and the sprin- 
kler deflector, a vertical plane extending down from the ceil- 
ing at the change in elevation shall be considered a wall for 
the purpose of sprinkler spacing. 


(B)* Where the distance between the upper ceiling and the 
sprinkler deflector is less than or equal to 36 in. (914 mm), the 
sprinklers shall be permitted to be spaced as though the ceil- 
ing were flat, provided the obstruction rules and ceiling 
pocket rules are observed. 


8.8.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler deflector shall be located in accor- 
dance with one of the following arrangements: 


(1) Installed with the deflectors within the horizontal planes 
of l in. to 6 in. (25.4 mm to 152 mm) below the structural 
members and a maximum distance of 22 in. (559 mm) 
below the ceiling/roof deck. 


(2) Installed with the deflectors at or above the bottom of the 
structural member to a maximum of 22 in. (559 mm) 
below the ceiling/roof deck where the sprinkler is in- 
stalled in conformance with 8.8.5.1.2. 


(3) Installed in each bay of obstructed construction, with the 
deflectors located a minimum of 1 in. (25.4 mm) anda 
maximum of 12 in. (305 mm) below the ceiling. 


(4) Where sprinklers are listed for use under other ceiling 
construction features or for different distances, they shall 
be permitted to be installed in accordance with their 
listing. 


8.8.4.1.3* Peaked Roofs and Ceilings. Sprinklers under or near 
the peak of a roof or ceiling shall have deflectors located not 
more than 3 ft (0.9 m) vertically down from the peak in accor- 
dance with Figure 8.6.4.1.3.1(a) and Figure 8.6.4.1.3.1(b). 


8.8.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 


8.8.5 Obstructions to Sprinkler Discharge (Extended Cover- 
age Upright and Pendent Spray Sprinklers). 


8.8.5.1 Performance Objective. 


8.8.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.8.5.2 and 8.8.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.8.5.1.2 Sprinklers shall be arranged to comply with one of 
the following arrangements: 


(1) Sprinklers shall be in accordance with 8.5.5.2, Table 
8.8.5.1.2, and Figure 8.8.5.1.2(a). 


(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width 
provided the distance from the centerline of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 

(3) Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
protected in accordance with Figure 8.8.5.1.2(b). 


Table 8.8.5.1.2 Position of Sprinklers to Avoid Obstructions 
to Discharge (Extended Coverage Upright and Pendent 
Spray Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sprinklers to 
Side of Obstruction (A) 


Less than 1 ft 

1 ft to less than 1 ft 6 in. 
1 ft 6 in. to less than 2 ft 
2 ft to less than 2 ft 6 in. 
2 ft 6 in. to less than 3 ft 
3 ft to less than 3 ft 6 in. 
3 ft 6 in. to less than 4 ft 
4 ft to less than 4 ft 6 in. 
4 ft 6 in. to less than 5 ft 
5 ft to less than 5 ft 6 in. 
5 ft 6 in. to less than 6 ft 
6 ft to less than 6 ft 6 in. 
6 ft 6 in. to less than 7 ft 11 
7 ft to less than 7 ft 6 in. 14 
7 ft 6 in. to less than 8 ft 14 
8 ft to less than 8 ft 6 in. 15 
8 ft 6 in. to less than 9 ft 17 
9 ft to less than 9 ft 6 in. 19 
9 ft 6 in. to less than 10 ft 21 


O II INI CO RRR OO 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.8.5.1.2(a). 
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FIGURE 8.8.5.1.2(a) Position of Sprinklers to Avoid Ob- 
structions to Discharge (Extended Coverage Upright and Pen- 


dent Spray Sprinklers). 
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FIGURE 8.8.5.1.2(b) Obstructions Against Walls (Extended 
Coverage Upright and Pendent Spray Sprinklers). 


8.8.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 


8.8.5.2.1 General. 


8.8.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.8.5.2. 


8.8.5.2.1.2 Regardless of the rules of this section, solid con- 


tinuous obstructions shall meet the applicable requirements 
of 8.8.5.1.2. 


8.8.5.2.1.3* Unless the requirements of 8.8.5.2.1.4 through 
8.8.5.2.1.8 are met, sprinklers shall be positioned away from ob- 


structions a minimum distance of four times the maximum di- 
mension of the obstruction (e.g., truss webs and chords, pipe, 
columns, and fixtures). The maximum clear distance required 
shall be 36 in. (914 mm) in accordance with Figure 8.8.5.2.1.3. 


8.8.5.2.1.4 Sprinklers shall be permitted to be spaced on op- 
posite sides of the obstruction where the distance from the 
centerline of the obstruction to the sprinklers does not exceed 
one-half the allowable distance between sprinklers. 


8.8.5.2.1.5 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruc- 
tion consists of wood bar joists 20 in. (0.51 m) or greater apart, 
provided that the top and bottom chords of the wood bar joist 
are not greater than 4 in. (102 mm) (nominal) in width and 
bar members do not exceed | in. (25.4 mm) in width. 


8.8.5.2.1.6 Sprinklers shall be permitted to be installed on 
the centerline of a truss or bar joist or directly above a beam 
provided that the truss chord or beam dimension is not more 
than 8 in. (203 mm) and the sprinkler deflector is located at 
least 6 in. (152 mm) above the structural member and where 
the sprinkler is positioned at a distance four times greater 
than the maximum dimension of the web members away from 
the web members. 


8.8.5.2.1.7 The requirements of 8.8.5.2.1.3 shall not apply to 
sprinkler system piping less than 3 in. (80 mm) in diameter. 


8.8.5.2.1.8 The requirements of 8.8.5.2.1.3 shall not apply to 
sprinklers positioned with respect to obstructions in accor- 
dance with 8.8.5.1.2. 


8.8.5.2.1.9* Sprinklers shall be permitted to be placed without 
regard to the blades of ceiling fans less than 60 in. (1.5 m) in 
diameter, provided the plan view of the fan is at least 50 percent 
open. 


8.8.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, freestanding 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.8.5.2.2 
and Figure 8.8.5.2.2. 
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(Use dimension C or D, whichever is greater) 


FIGURE 8.8.5.2.1.3 Minimum Distance from Obstruction (Extended Coverage Upright and 


Pendent Spray Sprinklers). 
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Table 8.8.5.2.2 Suspended or Floor-Mounted Obstructions 
(Extended Coverage Upright and Pendent Spray Sprinklers) 
in Light Hazard Occupancies Only 


Minimum Vertical 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 3 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 
More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 12% 
More than 24 in. to 30 in. 15% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.8.5.2.2. 


Ceiling or roof 


Floor 


Elevation View 


FIGURE 8.8.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Extended Coverage Upright and Pendent Spray Sprin- 
klers) in Light Hazard Occupancies Only. 


8.8.5.2.2.1 In light hazard occupancies, privacy curtains, as 
shown in Figure 8.8.5.2.2, shall not be considered obstructions 
where all of the following are met: 


(1) The curtains are supported by fabric mesh on ceiling track. 

(2) Openings in the mesh are equal to 70 percent or greater. 

(3) The mesh extends a minimum of 22 in. (559 mm) down 
from ceiling. 


8.8.5.3“ Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.8.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.8.5.3. 


8.8.5.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 


8.8.5.3.3 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 


8.8.5.3.4 Sprinklers installed under open gratings shall be of 
the intermediate level/rack storage type or otherwise shielded 
from the discharge of overhead sprinklers. 


8.8.6* Clearance to Storage (Extended Coverage Upright and 
Pendent Spray Sprinklers). 


8.8.6.1 The clearance between the deflector and the top of 
storage shall be 18 in. (457 mm) or greater. 


8.8.6.2 Where other standards specify greater clearance to 
storage minimums, they shall be followed. 


8.8.7 Ceiling Pockets (Extended Coverage Upright and Pen- 
dent Spray Sprinklers). 


8.8.7.1* Except as provided in 8.8.7.2 and 8.8.7.3, sprinklers 
shall be required in all ceiling pockets. 


8.8.7.2 Sprinklers shall not be required in ceiling pockets 
where all of the following are met: 


(1) The total volume of the unprotected ceiling pocket does 
not exceed 1000 ft? (28.3 m*). 

(2) The depth of the unprotected ceiling pocket does not 
exceed 36 in. (914 mm). 
(3) The entire floor under the unprotected ceiling pocket is 
protected by sprinklers at the lower ceiling elevation. 
(4)*The total size of all unprotected ceiling pockets in the 
same compartment within 10 ft (3 m) of each other does 
not exceed 1000 ft? (28.3 m?). 

(5) The unprotected ceiling pocket has noncombustible or 
limited-combustible finishes. 

(6) Quick-response sprinklers are utilized throughout the 
compartment. 


8.8.7.3 Sprinklers shall not be required in skylights and simi- 
lar pockets in accordance with 8.5.7. 


8.9* Extended Coverage Sidewall Spray Sprinklers. 


8.9.1 General. All requirements of Section 8.5 shall apply to 
extended coverage sidewall spray sprinklers except as modi- 
fied in Section 8.9. 


8.9.2 Protection Areas per Sprinkler (Extended Coverage 
Sidewall Spray Sprinklers). 
8.9.2.1* Determination of the Protection Area of Coverage. 


8.9.2.1.1 The protection area of coverage per sprinkler (A,) 
for extended coverage sidewall sprinklers shall be not less 
than that prescribed by the listing. 


8.9.2.1.2 Listing dimensions shall be in 2 ft (0.61 m) incre- 
ments up to 28 ft (8.5 m). 


8.9.2.2 Maximum Protection Area of Coverage. 


8.9.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in Table 8.9.2.2.1. 


8.9.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 400 ft? (37.2 m°). 


8.9.3 Sprinkler Spacing (Extended Coverage Sidewall Spray 
Sprinklers). 


8.9.3.1 Maximum Distance Between Sprinklers. 


8.9.3.1.1 The maximum distance permitted between sprin- 
klers shall be based on the centerline distance between sprin- 
klers on the branch line along the wall. 
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Table 8.9.2.2.1 Protection Area and Maximum Spacing for Extended Coverage Sidewall Spray 


Sprinklers 
Light Hazard Ordinary Hazard 
Protection Area Spacing Protection Area Spacing 
Construction 
Type ft? m? ft m ft? m? ft m 
Unobstructed, 400 37.2 28 8.5 400 37.2 24 7.3 


smooth, flat 


8.9.3.1.2 Where sprinklers are installed along the length of a 
single wall of rooms or bays, they shall be spaced in accordance 
with the maximum spacing provisions of Table 8.9.2.2.1. 


8.9.3.1.3 Sidewall sprinklers shall not be installed back-to- 
back without being separated by a continuous lintel, soffit, or 
baffle. 


8.9.3.1.4 Sidewall sprinklers shall be permitted to be installed 
on opposing or adjacent walls, provided no sprinkler is located 
within the maximum protection area of another sprinkler. 


8.9.3.2 Maximum Distance from Walls. The distance from 
sprinklers to the end walls shall not exceed one-half of the 
allowable distance permitted between sprinklers as indicated 
in Table 8.9.2.2.1. 


8.9.3.3 Minimum Distance from Walls. 


8.9.3.3.1 Sprinklers shall be located a minimum of 4 in. 
(102 mm) from an end wall. 


8.9.3.3.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 


8.9.3.4 Minimum Distance Between Sprinklers. No sprinklers 
shall be located within the maximum protection area of any 
other sprinkler unless required by 8.9.4.1.4.1. 


8.9.4 Deflector Position from Ceilings and Walls (Extended 
Coverage Sidewall Spray Sprinklers). 


8.9.4.1 Distance Below Ceilings and from Walls to Which 
Sprinklers Are Mounted. 


8.9.4.1.1 Ceilings. 


8.9.4.1.1.1 Unless the requirements of 8.9.4.1.1.2 are met, 
sidewall sprinkler deflectors shall be located not more than 
6 in. (152 mm) nor less than 4 in. (102 mm) from ceilings. 


8.9.4.1.1.2 Horizontal sidewall sprinklers shall be permitted 
to be located in a zone 6 in. to 12 in. (152 mm to 305 mm) or 
12 in. to 18 in. (305 mm to 457 mm) below noncombustible or 
limited-combustible ceilings where listed for such use. 


8.9.4.1.2 Walls. 


8.9.4.1.2.1 Sidewall sprinkler deflectors shall be located not 
more than 6 in. (152 mm) or less than 4 in. (102 mm) from 
walls on which they are mounted. 


8.9.4.1.2.2 Horizontal sidewall sprinklers shall be permitted 
to be located with their deflectors less than 4 in. (102 mm) 
from the wall on which they are mounted. 


8.9.4.1.3 Lintels and Soffits. 


8.9.4.1.3.1* Where soffits used for the installation of sidewall 
sprinklers are less than or equal to 8 in. (203 mm) in width or 
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projection from the wall, additional sprinklers shall not be 
required below the soffit when the sidewall sprinkler on the 
soffit is within 4 in. (102 mm) from the bottom of the soffit. 


8.9.4.1.3.2* A sidewall sprinkler shall be permitted to be in- 
stalled under a soffit when both the minimum distance from 
the sprinkler deflector to the bottom of the soffit and the 
maximum distance from the sprinkler deflector to the high 
ceiling are maintained. 


8.9.4.1.4* Soffits and Cabinets in Residential Areas/ 
Occupancies. Where soffits are used for the installation of 
sidewall sprinklers, the sprinklers and soffits shall be installed 
in accordance with 8.9.4.1.4.1, 8.9.4.1.4.2, or 8.9.4.1.4.3. 


8.9.4.1.4.1 Where soffits exceed more than 8 in. (203 mm) in 
width or projection from the wall, pendent sprinklers shall be 
installed under the soffit. 


8.9.4.1.4.2 Sidewall sprinklers shall be permitted to be in- 
stalled in the face of a soffit located directly over cabinets, 
without requiring additional sprinklers below the soffit or 
cabinets, where the soffit does not project horizontally more 
than 12 in. (305 mm) from the wall. 


8.9.4.1.4.3 Where sidewall sprinklers are more than 3 ft 
(0.91 m) above the top of cabinets, the sprinkler shall be per- 
mitted to be installed on the wall above the cabinets where the 
cabinets are no greater than 12 in. (305 mm) from the wall. 


8.9.4.2 Deflector Orientation. 


8.9.4.2.1 Deflectors of sprinklers shall be aligned parallel to 
ceilings or roofs. 


8.9.4.2.2 Sidewall sprinklers, where installed under a sloped 
ceiling with a slope exceeding 2 in 12, shall be located at the 
high point of the slope and positioned to discharge downward 
along the slope. 


8.9.4.2.3 Sidewall sprinklers specifically listed for other ceil- 
ing configurations shall be permitted to be installed in accor- 
dance with the listing requirements. 


8.9.5 Obstructions to Sprinkler Discharge (Extended Cover- 
age Sidewall Spray Sprinklers). 


8.9.5.1 Performance Objective. 


8.9.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.9.5.1.2 Sidewall sprinklers shall be installed no closer than 
8 ft (2.4 m) from light fixtures or similar obstructions. 
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8.9.5.1.3 The distance between light fixtures or similar obstruc- 
tions located more than 8 ft (2.4m) from the sprinkler shall be in 
conformance with Table 8.9.5.1.3 and Figure 8.9.5.1.3. 


8.9.5.1.4 Continuous obstructions projecting from the same 
wall as the one on which the sidewall sprinkler is mounted shall 
be in accordance with Table 8.9.5.1.4 and Figure 8.9.5.1.4. 


8.9.5.1.5 Sprinklers shall be permitted to be spaced on oppo- 
site sides of obstructions less than 4 ft (1.22 m) in width where 
the distance from the centerline of the obstruction to the 
sprinklers does not exceed one-half the allowable distance be- 
tween sprinklers. 


8.9.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 


Table 8.9.5.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Extended Coverage Sidewall Spray Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall 
Sprinkler to Side of 
Obstruction (A) 


Less than 8 ft 

8 ft to less than 10 ft 
10 ft to less than 11 ft 
11 ft to less than 12 ft 
12 ft to less than 13 ft 
13 ft to less than 14 ft 
14 ft to less than 15 ft 
15 ft to less than 16 ft 
16 ft to less than 17 ft 
17 ft or greater 


Not allowed 


RHONA ON 


be 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.9.5.1.3. 
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Obstruction 
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Elevation View 


FIGURE 8.9.5.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Extended Coverage Sidewall Spray Sprinklers). 


Table 8.9.5.1.4 Positioning of Sprinklers to Avoid 
Obstructions Along the Wall (Extended Coverage Sidewall 
Spray Sprinklers) 


Maximum Allowable Distance 
of Deflector Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall 
Sprinkler to Side of 
Obstruction (A) 


Less than 1 ft 6 in. 

1 ft 6 in. to less than 3 ft 
3 ft to less than 4 ft 

4 ft to less than 4 ft 6 in. 
4 ft 6 in. to less than 6 ft 
6 ft to less than 6 ft 6 in. 
6 ft 6 in. to less than 7 ft 
7 ft to less than 7 ft 6 in. 


A= ON Ob 


jæi jt 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.9.5.1.4. 
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FIGURE 8.9.5.1.4 Positioning of Sprinklers to Avoid Ob- 
structions Along the Wall (Extended Coverage Sidewall Spray 
Sprinklers). 


8.9.5.2.1 General. 


8.9.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with this section. 


8.9.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.9.5.1.2 
and 8.9.5.1.3. 


8.9.5.2.1.3* Unless the requirements of 8.9.5.2.1.4 through 
8.9.5.2.1.6 are met, sprinklers shall be positioned away from 
obstructions a minimum distance of four times the maximum 
dimension of the obstruction (e.g., truss webs and chords, 
pipe, columns, and fixtures). The maximum clear distance 
required shall be 36 in. (914 mm) from the sprinkler. 


8.9.5.2.1.4 Sidewall sprinklers shall be positioned in accor- 
dance with Figure 8.9.5.2.1.4 when obstructions are present. 


8.9.5.2.1.5 The requirements of 8.9.5.2.1.3 and 8.9.5.2.1.4 
shall not apply where sprinklers are positioned with respect to 
obstructions in accordance with 8.9.5.1.2 and 8.9.5.1.3. 


8.9.5.2.1.6 The requirements of 8.9.5.2.1.3 shall not apply to 
sprinkler system piping less than 3 in. (80 mm) in diameter. 
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FIGURE 8.9.5.2.1.4 Minimum Distance from Obstruction (Extended Coverage Sidewall). 


8.9.5.2.1.7* Sprinklers shall be permitted to be placed without 
regard to the blades of ceiling fans less than 60 in. (1.5 m) in 
diameter, provided the plan view of the fan is at least 50 percent 
open. 


8.9.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, freestanding 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.9.5.2.2 
and Figure 8.9.5.2.2. 


Table 8.9.5.2.2 Suspended or Floor-Mounted Obstructions 
(Extended Coverage Sidewall Sprinklers) in Light Hazard 
Occupancies Only 


Minimum Allowable 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 3 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 
More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 12% 
More than 24 in. to 30 in. 15% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.9.5.2.2. 


8.9.5.2.2.1* In light hazard occupancies, privacy curtains, as 
shown in Figure 8.9.5.2.2, shall not be considered obstructions 
where all of the following are met: 


(1) The curtains are supported by fabric mesh on ceiling track. 

(2) Openings in the mesh are equal to 70 percent or greater. 

(3) The mesh extends a minimum of 22 in. (559 mm) down 
from ceiling. 
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Elevation View 


8.9.5.3“ Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.9.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 


8.9.5.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide, such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 


8.9.5.3.3 Sprinklers shall not be required under obstructions 
that are not fixed in place, such as conference tables. 
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8.10 Residential Sprinklers. 
8.10.1 Reserved 
8.10.2* Listings. 


8.10.2.1 Areas of coverage shall be in accordance with the 
manufacturer’s listing. 


8.10.2.2 Where residential sprinklers are installed on a slope 
greater than 2 in 12, they shall be listed for this application. 


8.10.3 Distances Between Sprinklers. 


8.10.3.1 Maximum distances between sprinklers shall be in 
accordance with the manufacturer’s listing. 


8.10.3.2 The distance between the sprinkler and the wall 
shall not exceed half the maximum allowable distance be- 
tween sprinklers per the manufacturer’s listing. 


8.10.3.3 The minimum distance between sprinklers within a 
compartment shall be 8 ft (2.44 m), unless the listing of the 
sprinkler requires a greater distance and unless required by 
8.10.7.1.5.1. 


8.10.3.4 Residential sidewall sprinklers shall be permitted to 
be installed on opposing or adjacent walls, provided no sprin- 
kler is located within the maximum protection area of another 
sprinkler. 


8.10.3.5 The maximum distance shall be measured along 
the slope of the ceiling as shown in Figure 8.10.3.5(a) and 
Figure 8.10.3.5(b). 


8.10.3.6 Where sprinklers are installed along sloped ceilings, 
the sprinklers shall maintain the minimum listed spacing, but 
no less than 8 ft (2.44 m), measured in the plan view from one 
sprinkler to another as shown in Figure 8.10.3.6(a) and Fig- 


ure 8.10.3.6(b). 
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FIGURE 8.10.3.5(a) Maximum Distance Between Sprinklers 
with Sloped Ceilings — Arrangement A. 


3 ft (0.9 m) 
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FIGURE 8.10.3.5(b) Maximum Distance Between Sprinklers 
with Sloped Ceilings — Arrangement B. 


Minimum listed spacing 
but not less than 8 ft (2.44 m) 


Elevation View 


FIGURE 8.10.3.6(a) Minimum Distance Between Sprinklers 
with Sloped Ceilings — Arrangement A. 
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« 
Minimum listed spacing 
but not less than 8 ft (2.44 m) 


Elevation View 


FIGURE 8.10.3.6(b) Minimum Distance Between Sprinklers 
with Sloped Ceilings — Arrangement B. 
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8.10.4 Deflector Position from Ceilings and Walls. 


8.10.4.1 Pendent and upright sprinklers shall be positioned 
so that the deflectors are 1 in. to 4 in. (25 mm to 102 mm) 
from the ceiling unless the listing allows a greater distance. 


8.10.4.2 Sidewall sprinklers shall be positioned so that the 
deflectors are within 4 in. to 6 in. (102 mm to 152 mm) from 
the ceiling unless the listing allows greater distances. 


8.10.4.3 Where soffits used for the installation of sidewall sprin- 
klers exceed 8 in. (203 mm) in width or projection from the wall, 
additional sprinklers shall be installed below the soffit. 


8.10.5 Residential sprinklers installed in conformance with 
this standard shall follow the sprinkler obstruction rules of 
8.10.6 or 8.10.7 as appropriate for their installation orienta- 
tion (upright, pendent, or sidewall) and the obstruction crite- 
ria specified in the manufacturer’s installation instructions. 


8.10.6 Obstructions to Sprinkler Discharge (Residential Up- 
right and Pendent Spray Sprinklers). 


8.10.6.1 Performance Objective. 


8.10.6.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.10.6.2 and 8.10.6.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.10.6.1.2 Sprinklers shall be arranged to comply with one of 
the following arrangements: 


(1) Sprinklers shall be in accordance with 8.5.5.2, Table 
8.10.6.1.2, and Figure 8.10.6.1.2(a). 

(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width, 
provided the distance from the centerline of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 

(3) Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
protected in accordance with Figure 8.10.6.1.2(b). 


8.10.6.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 


8.10.6.2.1 General. 


8.10.6.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.10.6.2. 


8.10.6.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the applicable requirements 
of 8.10.6.1.2. 


8.10.6.2.1.3* Unless the requirements of 8.10.6.2.1.4 through 
8.10.6.2.1.8 are met, sprinklers shall be positioned away from ob- 
structions a minimum distance of four times the maximum di- 
mension of the obstruction (e.g., truss webs and chords, pipe, 
columns, and fixtures). The maximum clear distance required 
shall be 36 in. (914 mm) in accordance with Figure 8.10.6.2.1.3. 


8.10.6.2.1.4 Sprinklers shall be permitted to be spaced on 
opposite sides of the obstruction where the distance from the 
centerline of the obstruction to the sprinklers does not exceed 
one-half the allowable distance between sprinklers. 


8.10.6.2.1.5 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruction 
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Table 8.10.6.1.2 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (Residential Upright and Pendent 
Spray Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sprinklers to 
Side of Obstruction (A) 


Less than 1 ft 

1 ft to less than 1 ft 6 in. 
1 ft 6 in. to less than 2 ft 
2 ft to less than 2 ft 6 in. 
2 ft 6 in. to less than 3 ft 
3 ft to less than 3 ft 6 in. 
3 ft 6 in. to less than 4 ft 
4 ft to less than 4 ft 6 in. 
4 ft 6 in. to less than 5 ft 
5 ft to less than 5 ft 6 in. 
5 ft 6 in. to less than 6 ft 
6 ft to less than 6 ft 6 in. 
6 ft 6 in. to less than 7 ft 
7 ft and greater 


Bre ONT NTI NT IMO OF RR OO 


= m 


For SI units, | in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.10.6.1.2(a). 
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FIGURE 8.10.6.1.2(a) Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (Residential Upright and Pendent 
Spray Sprinklers). 


consists of open trusses 20 in. (0.51 m) or greater apart [24 in. 
(0.61 m) on center], provided that all truss members are not 
greater than 4 in. (102 mm) (nominal) in width and web mem- 
bers do not exceed 1 in. (25.4 mm) in width. 


8.10.6.2.1.6 Sprinklers shall be permitted to be installed on 
the centerline of a truss or bar joist or directly above a beam 
provided that the truss chord or beam dimension is not more 
than 8 in. (203 mm) and the sprinkler deflector is located at 
least 6 in. (152 mm) above the structural member and where 
the sprinkler is positioned at a distance four times greater 
than the maximum dimension of the web members away from 
the web members. 
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FIGURE 8.10.6.1.2(b) Obstructions Against Walls (Residen- 
tial Upright and Pendent Spray Sprinklers). 


8.10.6.2.1.7 The requirements of 8.10.6.2.1.3 shall not apply 
to sprinkler system piping less than 3 in. (80 mm) in diameter. 


8.10.6.2.1.8 The requirements of 8.10.6.2.1.3 shall not apply 
to sprinklers positioned with respect to obstructions in accor- 
dance with 8.10.6.1.2. 


8.10.6.2.1.9* Sprinklers shall be permitted to be placed with- 
out regard to the blades of a ceiling fan, provided the plan 
view of the fan is at least 50 percent open. 


8.10.6.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, free-standing 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.10.6.2.2 
and Figure 8.10.6.2.2. 


Table 8.10.6.2.2 Suspended or Floor-Mounted Obstructions 
(Residential Upright and Pendent Spray Sprinklers) in Light 
Hazard Occupancies Only 


Minimum Vertical 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 3 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 
More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 12% 
More than 24 in. to 30 in. 154% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.10.6.2.2. 


8.10.6.3* Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.10.6.3.1 Continuous or noncontinuous obstructions that 
interrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.10.6.3. 


8.10.6.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as stairs and landings. 


8.10.6.3.3 Sprinklers shall not be required under obstruc- 
tions that are not fixed in place. 


8.10.6.3.4 Sprinklers installed under open gratings shall be 
shielded from the discharge of overhead sprinklers. 
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FIGURE 8.10.6.2.1.3 Minimum Distance from Obstruction (Residential Upright and Pendent 


Spray Sprinklers). 
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Ceiling or roof 


Floor 


Elevation View 


FIGURE 8.10.6.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Residential Upright and Pendent Spray Sprinklers) in 
Light Hazard Occupancies Only. 


8.10.7 Obstructions to Sprinkler Discharge (Residential Side- 
wall Spray Sprinklers). 


8.10.7.1 Performance Objective. 


8.10.7.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.10.7.1.2 Sidewall sprinklers shall be installed no closer than 
8 ft (2.4 m) from light fixtures or similar obstructions. 


8.10.7.1.3 The distance between light fixtures or similar ob- 
structions located more than 8 ft (2.4 m) from the sprinkler shall 
be in conformance with Table 8.10.7.1.3 and Figure 8.10.7.1.3. 


8.10.7.1.4 Obstructions projecting from the same wall as the 
one on which the sidewall sprinkler is mounted shall be in 
accordance with Table 8.10.7.1.4 and Figure 8.10.7.1.4. 


Table 8.10.7.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Residential Sidewall Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall Sprinkler to 
Side of Obstruction (A) 


Less than 8 ft 

8 ft to less than 10 ft 
10 ft to less than 11 ft 
11 ft to less than 12 ft 
12 ft to less than 13 ft 
13 ft to less than 14 ft 
14 ft to less than 15 ft 
15 ft to less than 16 ft 
16 ft to less than 17 ft 
17 ft or greater 


Not allowed 


Br ONTO POON 


= m 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.10.7.1.3. 
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FIGURE 8.10.7.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Residential Sidewall Sprinklers). 


Table 8.10.7.1.4 Positioning of Sprinklers to Avoid 
Obstructions Along the Wall (Residential Sidewall Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sidewall 
Sprinkler to 
Side of Obstruction (A) 


Less than 1 ft 6 in. 

1 ft 6 in. to less than 3 ft 
3 ft to less than 4 ft 

4 ft to less than 4 ft 6 in. 
4 ft 6 in. to less than 6 ft 
6 ft to less than 6 ft 6 in. 
6 ft 6 in. to less than 7 ft 
7 ft to less than 7 ft 6 in. 


A = ONGO HO 


= m 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.10.7.1.4. 
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FIGURE 8.10.7.1.4 Positioning of Sprinklers to Avoid Ob- 
structions Along the Wall (Residential Sidewall Sprinklers). 
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8.10.7.1.5* Soffits and Cabinets. Where soffits are used for the 
installation of sidewall sprinklers, the sprinklers and soffits 
shall be installed in accordance with 8.10.7.1.5.1, 8.10.7.1.5.2, 
or 8.10.7.1.5.3. 


8.10.7.1.5.1 Where soffits exceed more than 8 in. (203 mm) 
in width or projection from the wall, pendent sprinklers shall 
be installed under the soffit. 


8.10.7.1.5.2 Sidewall sprinklers shall be permitted to be in- 
stalled in the face of a soffit located directly over cabinets, 
without requiring additional sprinklers below the soffit or 
cabinets, where the soffit does not project horizontally more 
than 12 in. (305 mm) from the wall. 


8.10.7.1.5.3 Where sidewall sprinklers are more than 3 ft 
(914 mm) above the top of cabinets, the sprinkler shall be per- 
mitted to be installed on the wall above the cabinets where the 
cabinets are no greater than 12 in. (305 mm) from the wall. 


8.10.7.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 


8.10.7.2.1 General. 


8.10.7.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with this section. 


8.10.7.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.10.7.1.2 
and 8.10.7.1.3. 


8.10.7.2.1.3* Unless the requirements of 8.10.7.2.1.4 through 
8.10.7.2.1.7 are met, sprinklers shall be positioned away from 
obstructions a minimum distance of four times the maximum 
dimension of the obstruction. The maximum clear distance 
required shall be 36 in. (914 mm) from the sprinkler (e.g., 
truss webs and chords, pipe, columns, and fixtures). 
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8.10.7.2.1.4 Sidewall sprinklers shall be positioned in accor- 
dance with Figure 8.10.7.2.1.4 when obstructions are present. 


8.10.7.2.1.5 The requirements of 8.10.7.2.1.3 and 8.10.7.2.1.4 
shall not apply where sprinklers are positioned with respect to 
obstructions in accordance with 8.10.7.1.2 and 8.10.7.1.3. 


8.10.7.2.1.6 The requirements of 8.10.7.2.1.3 shall not apply 
to sprinkler system piping less than 3 in. (80 mm) in diameter. 


8.10.7.2.1.7* Sprinklers shall be permitted to be placed with- 
out regard to the blades of a ceiling fan, provided the plan 
view of the fan is at least 50 percent open. 


8.10.7.2.2 Suspended or Floor-Mounted Vertical Obstructions. 
The distance from sprinklers to privacy curtains, free-standing 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.10.7.2.2 
and Figure 8.10.7.2.2. 


Table 8.10.7.2.2 Suspended or Floor-Mounted Obstructions 
(Residential Sidewall Sprinklers) in Light Hazard 
Occupancies Only 


Minimum Allowable 
Distance Below 


Horizontal Distance (A) Deflector (in.) (B) 


6 in. or less 3 
More than 6 in. to 9 in. 4 
More than 9 in. to 12 in. 6 


More than 12 in. to 15 in. 8 
More than 15 in. to 18 in. 9% 
More than 18 in. to 24 in. 12% 
More than 24 in. to 30 in. 15% 
More than 30 in. 18 


For SI units, 1 in. = 25.4 mm. 
Note: For A and B, refer to Figure 8.10.7.2.2. 
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FIGURE 8.10.7.2.1.4 Minimum Distance from Obstruction (Residential Sidewall). 
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8.10.7.3* Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.10.7.3.1 Continuous or noncontinuous obstructions that 
interrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 


8.10.7.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide, such as ducts, stairs, and landings. 


8.10.7.3.3 Sprinklers shall not be required under obstruc- 
tions that are not fixed in place. 


8.10.7.3.4 Sprinklers installed under open gratings shall be 
shielded from the discharge of overhead sprinklers. 


8.10.8 Ceiling Pockets. 
8.10.8.1 Sprinklers shall be required in all ceiling pockets. 


8.10.8.2 The requirement of 8.10.8.1 shall not apply where 
all of the following requirements are met: 


(1) The total volume of the unprotected ceiling pocket does 
not exceed 100 ft? (2.83 mP). 

(2) The depth of the unprotected ceiling pocket does not 
exceed 12 in. (305 mm). 

(3) The entire floor of the unprotected ceiling pocket is pro- 
tected by the sprinklers at the lower ceiling elevation. 

(4) Each unprotected ceiling pocket is separated from any 
adjacent unprotected ceiling pocket by a minimum 10 ft 
(3.05 m) horizontal distance. 

(5) The interior finish of the unprotected ceiling pocket is 
noncombustible or limited-combustible construction. 


8.11 CMSA Sprinklers. 


8.11.1 General. All requirements of Section 8.5 shall apply to 
CMSA sprinklers except as modified in Section 8.11. 
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8.11.1.1 CMSA pendent sprinklers shall be installed in accor- 
ance with Section 8.5 and the manufacturer’s installation in- 
structions in lieu of the requirements in Section 8.11. 


8.11.2* Protection Areas per Sprinkler (CMSA Sprinklers). 


8.11.2.1 Determination of the Protection Area of Coverage. 
The protection area of coverage per sprinkler (A,) shall be 
determined in accordance with 8.5.2.1. 


8.11.2.2 Maximum Protection Area of Coverage. 


8.11.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in Table 8.11.2.2.1. 


Table 8.11.2.2.1 Protection Areas and Maximum Spacing for 
CMSA Sprinklers 


Maximum 
Protection Area Spacing 

Construction Type ft? m? ft m 

Noncombustible 130 12.1 12 3.7 
unobstructed 

Noncombustible 130 121 12 3.7 
obstructed 

Combustible 130 12.1 12 3.7 
unobstructed 

Combustible 100 9.3 10 3.1 
obstructed 

Rack storage 100 9.3 10 3.1 
combustible 
obstructed 

Rack storage 100 9.3 12 3.7 


unobstructed and 
noncombustible 
obstructed 


8.11.2.2.2 In any case, the maximum area of coverage of any 
sprinkler shall not exceed 130 ft? (12.9 m?). 


8.11.2.3 Minimum Protection Area of Coverage. The mini- 
mum allowable protection area of coverage for a sprinkler 
(A,) shall be not less than 80 ft? (7.4 m°). 


8.11.3 Sprinkler Spacing (CMSA Sprinklers). 
8.11.3.1* Maximum Distance Between Sprinklers. 


8.11.3.1.1 Under unobstructed and obstructed noncombus- 
tible construction and unobstructed combustible construction, 
the distance between sprinklers shall be limited to not more than 
12 ft (3.7 m) between sprinklers, as shown in Table 8.11.2.2.1. 


8.11.3.1.2 Under obstructed combustible construction, the 
maximum distance shall be limited to 10 ft (3 m). 


8.11.3.2 Maximum Distance from Walls. The distance from 
sprinklers to walls shall not exceed one-half of the allowable 
distance permitted between sprinklers as indicated in 
Table 8.11.2.2.1. 


8.11.3.3 Minimum Distance from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall. 


8.11.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 8 ft (2.4 m) on center. 
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| 8.11.4 Deflector Position (CMSA Sprinklers). 
8.11.4.1* Distance Below Ceilings. 


8.11.4.1.1 Unobstructed Construction. Under unobstructed 
construction, the distance between the sprinkler deflector and 
the ceiling shall be a minimum of 6 in. (152 mm) and a maxi- 
mum of 8 in. (203 mm). 


8.11.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler deflector shall be located in accor- 
dance with one of the following arrangements: 


(1) Installed with the deflectors located a minimum of 6 in. 
(152 mm) and a maximum of 12 in. (305 mm) from the 
ceiling. 

(2) Installed with the deflectors within the horizontal planes 
l in. to 6 in. (25.4 mm to 152 mm) below wood joist or 
composite wood joist construction, to a maximum dis- 
tance of 22 in. (559 mm) below the ceiling/roof or deck. 

(3) Installed with deflectors of sprinklers under concrete tee 
construction with stems spaces less than 714 ft (2.3 m) but 
more than 3 ft (0.9 m) on centers, regardless of the depth 
of the tee, located at or above a horizontal plane 1 in. 
(25.4 mm) below the bottom of the stems of the tees and 
shall comply with Table 8.11.5.1.2. 


8.11.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 


8.11.5* Obstructions to Sprinkler Discharge (CMSA Sprinklers). 


8.11.5.1 Performance Objective. 


8.11.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 


8.11.5.1.2 Sprinklers shall be arranged to comply with 
8.5.5.2, Table 8.11.5.1.2, and Figure 8.11.5.1.2. 


8.11.5.1.3 The requirements of 8.11.5.1.2 shall not apply where 
sprinklers are positioned on opposite sides of the obstruction. 


Table 8.11.5.1.2 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (CMSA Sprinklers) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sprinkler to 
Side of Obstruction (A) 


Less than 1 ft 0 
1 ft to less than 1 ft 6 in. 1% 
1 ft 6 in. to less than 2 ft 3 
2 ft to less than 2 ft 6 in. 516 
2 ft 6 in. to less than 3 ft 8 
3 ft to less than 3 ft 6 in. 10 
3 ft 6 in. to less than 4 ft 12 
4 ft to less than 4 ft 6 in. 15 
4 ft 6 in. to less than 5 ft 18 
5 ft to less than 5 ft 6 in. 22 
5 ft 6 in. to less than 6 ft 26 
6 ft 31 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.11.5.1.2. 
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FIGURE 8.11.5.1.2 Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (CMSA Sprinklers). 


Obstruction 


8.11.5.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 


8.11.5.2.1 General. 


8.11.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 36 in. (914 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.11.5.2. 


8.11.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.11.5.1.2 
or 8.11.5.1.3. 


8.11.5.2.1.3# Unless the requirements of 8.11.5.1.2 or 8.11.5.1.3 
are met, for obstructions 8 in. (203 mm) or less in width, as 
shown in Figure 8.11.5.2.1.3, sprinklers shall be positioned such 
that they are located at least a distance three times greater than 
the maximum dimension of the obstruction from the sprinkler 
(e.g., webs and chord members, pipe, columns, and fixtures). 


8.11.5.2.2 Branch Lines. Sprinklers shall be positioned with re- 
spect to branch lines in accordance with one of the following: 


(1) Sprinklers shall be permitted to be attached directly to 
branch lines less than or equal to 2 in. (51 mm) nominal 
in diameter. 

(2) Sprinklers shall be permitted to be offset horizontally a 
minimum of 12 in. (305 mm) from the pipe. 

(3) Sprinklers shall be permitted to be supplied by a riser 
nipple to elevate the sprinkler deflector a minimum of 
13 in. (330 mm) from the centerline of 24% in. (64 mm) 
pipe. 

(4) Sprinklers shall be permitted to be supplied by a riser nipple 
to elevate the sprinkler deflector a minimum of 15 in. 
(380 mm) from the centerline of 3 in. (76 mm) pipe. 


8.11.5.3* Obstructions That Prevent Sprinkler Discharge from 
Reaching the Hazard. 


8.11.5.3.1 Continuous or noncontinuous obstructions that 
interrupt the water discharge in a horizontal plane below the 
sprinkler deflector in a manner to limit the distribution from 
reaching the protected hazard shall comply with 8.11.5.3. 
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| FIGURE 8.11.5.2.1.3 Minimum Distance from Obstruction (CMSA Sprinklers). 


8.11.5.3.2 Sprinklers shall be positioned with respect to fluo- 
rescent lighting fixtures, ducts, and obstructions more than 
24in. (610 mm) wide and located entirely below the sprinklers 
so that the minimum horizontal distance from the near side of 
the obstruction to the center of the sprinkler is not less than 
the value specified in Table 8.11.5.3.2 and Figure 8.11.5.3.2. 


Table 8.11.5.3.2 Obstruction Entirely Below the Sprinkler 
(CMSA Sprinklers) 


Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Minimum Distance to Side of 
Obstruction (ft) (A) 


Less than 6 in. 1% 
6 in. to less than 12 in. 3 
12 in. to less than 18 in. 4 
18 in. to less than 24 in. 5 
24 in. to less than 30 in. 519 
30 in. to less than 36 in. 6 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.11.5.3.2. 


8.11.5.3.3 Sprinklers installed under open gratings shall be 
shielded from the discharge of overhead sprinklers. 


8.11.5.3.4 Where the bottom of the obstruction is located 
24 in. (610 mm) or more below the sprinkler deflectors, the 
following shall occur: 


(1) Sprinklers shall be positioned so that the obstruction is 
centered between adjacent sprinklers in accordance with 
Figure 8.11.5.3.4. 

(2) The obstruction width shall meet the following require- 
ments: 

(a) The obstruction shall be limited to a maximum width of 
24 in. (610 mm) in accordance with Figure 8.11.5.3.4. 

(b) Where the obstruction is greater than 24 in. 
(610 mm) wide, one or more lines of sprinklers shall 
be installed below the obstruction. 
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FIGURE 8.11.5.3.2 Obstruction Entirely Below the Sprinkler 
(CMSA Sprinklers). 


(3) The obstruction extension shall meet the following re- 
guirements: 


(a) The obstruction shall not extend more than 12 in. 
(305 mm) to either side of the midpoint between 
sprinklers in accordance with Figure 8.11.5.3.4. 

(b) Where the extensions of the obstruction exceed 
12 in. (305 mm), one or more lines of sprinklers shall 
be installed below the obstruction. 

(4) At least 18 in. (457 mm) clearance shall be maintained 
between the top of storage and the bottom of the obstruc- 
tion in accordance with Figure 8.11.5.3.4. 


8.11.5.3.5 In the special case of an obstruction running parallel 
to or directly below a branch line, the following shall occur: 


(1) The sprinkler shall be located at least 36 in. (914 mm) 
above the top of the obstruction in accordance with Fig- 
ure 8.11.5.3.5. 

(2) The obstruction shall be limited to a maximum width of 
12 in. (305 mm) in accordance with Figure 8.11.5.3.5. 

(3) The obstruction shall be limited to a maximum extension 
of 6 in. (152 mm) to either side of the centerline of the 
branch line in accordance with Figure 8.11.5.3.5. 
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FIGURE 8.11.5.3.5 Obstruction More Than 36 in. (914 mm) 
Below the Sprinkler (CMSA Sprinklers). 


8.11.6 Clearance to Storage (CMSA Sprinklers). The clear- 
ance between the deflector and the top of storage shall be 
36 in. (914 mm) or greater. 


8.12 Early Suppression Fast-Response Sprinklers. 


8.12.1 General. All requirements of Section 8.5 shall apply 
except as modified in Section 8.12. 


8.12.2 Protection Areas per Sprinkler (Early Suppression 
Fast-Response Sprinklers). 


8.12.2.1 Determination of the Protection Area of Coverage. 
The protection area of coverage per sprinkler (A,) shall be 
determined in accordance with 8.5.2.1. 


8.12.2.2 Maximum Protection Area of Coverage. 


8.12.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A,) shall be in accordance with the value 
indicated in Table 8.12.2.2.1. 


8.12.2.2.2 Unless the reguirements of 8.12.2.2.3 are met, the 
maximum area of coverage of any sprinkler shall not exceed 
100 ft? (9.3 m°). 


8.12.2.2.3* Deviations from the maximum sprinkler spacing 
shall be permitted to eliminate obstructions created by struc- 
tural elements (such as trusses, bar joists, and wind bracing) by 
moving a sprinkler along the branch line a maximum of 1 ft 
(0.31 m) from its allowable spacing, provided coverage for 
that sprinkler does not exceed 110 ft? (10.2 m”) per sprinkler 
where all of the following conditions are met: 


(1) The average actual floor area protected by the moved 
sprinkler and the adjacent sprinklers shall not exceed 
100 ft? (9.3 m°). 

(2) Adjacent branch lines shall maintain the same pattern. 

(3) In no case shall the distance between sprinklers exceed 
12 ft (3.7 m). 


8.12.2.2.4 Deviations from the maximum sprinkler spacing 
shall be permitted to eliminate obstructions created by struc- 
tural elements (such as trusses, bar joists, and wind bracing) by 
moving a single branch line a maximum of | ft (0.31 m) from 
its allowable spacing, provided coverage for the sprinklers on 
that branch line and the sprinklers on the branch line it is 
moving away from does not exceed 110 ft? (10.2 m?) per sprin- 
kler where all of the following conditions are met: 


(1) The average actual floor area protected by the sprinklers on 
the moved branch line and the sprinklers on the adjacent 
branch lines shall not exceed 100 ft? (9.3 m?) per sprinkler. 

(2) In no case shall the distance between sprinklers exceed 
12 ft (3.7 m). 
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Table 8.12.2.2.1 Protection Areas and Maximum Spacing of ESFR Sprinklers 


Ceiling/Roof Heights Up to 30 ft (9.1 m) 


Ceiling/Roof Heights Over 30 ft (9.1 m) 


Protection Area Spacing Protection Area Spacing 
Construction Type ft? m? ft m ft? m? ft m 
Noncombustible unobstructed 100 9.3 12 3.7 100 9.3 10 3.1 
Noncombustible obstructed 100 9.3 12 3.7 100 9.3 10 3.1 
Combustible unobstructed 100 9.3 12 3.7 100 9.3 10 3.1 
Combustible obstructed N/A N/A N/A N/A 


(3) It shall not be permitted to move a branch line where 
there are moved sprinklers on a branch line that exceed 
the maximum sprinkler spacing. 


8.12.2.3 Minimum Protection Area of Coverage. The mini- 
mum allowable protection area of coverage for a sprinkler (A,) 
shall not be less than 64 ft? (6 m°). 


8.12.3 Sprinkler Spacing (Early Suppression Fast-Response 
Sprinklers). 


8.12.3.1 Maximum Distance Between Sprinklers. The maxi- 
mum distance between sprinklers shall be in accordance with 
the following: 


(1) Where the storage height is less than or equal to 25 ft 
(7.6 m) and the ceiling height is less than or equal to 
30 ft (9.1 m), the distance between sprinklers shall be 
limited to not more than 12 ft (3.7 m) between sprin- 
klers as shown in Table 8.12.2.2.1. 

Unless the requirements of 8.12.3.1 (3) or 8.12.3.1 (4) are 

met, where the storage height exceeds 25 ft (7.6 m) and 

ceiling height exceeds 30 ft (9.1 m), the distance between 

sprinklers shall be limited to not more than 10 ft (3 m) 

between sprinklers. 

(3)*Regardless of the storage or ceiling height arrangement, de- 
viations from the maximum sprinkler spacing shall be per- 
mitted to eliminate obstructions created by trusses and bar 
joists by moving a sprinkler along the branch line a maxi- 
mum of 1 ft (0.31 m) from its allowable spacing, provided 
coverage for that sprinkler does not exceed 110 ft? (10.2 m°) 
where all of the following conditions are met: 


(2) 


(a) The average actual floor area protected by the moved 
sprinkler and the adjacent sprinklers shall not exceed 
100 ft? (9.3 m°). 

(b) Adjacent branch lines shall maintain the same pattern. 

(c) In no case shall the distance between sprinklers ex- 
ceed 12 ft (3.7 m). 


Where branch lines are parallel to trusses and bar joists, 
deviations from the maximum sprinkler spacing shall be 
permitted to eliminate obstructions created by trusses 
and bar joists by moving a single branch line a maximum 
of 1 ft (0.31 m) from its allowable spacing, provided cov- 
erage for the sprinklers on that branch line and the sprin- 
klers on the branch line it is moving away from does not 
exceed 110 ft? (10.2 m”) per sprinkler where all of the 
following conditions are met: 


(4 


— 


(a) The average actual floor area protected by the sprin- 
klers on the moved branch line and the sprinklers on 
the adjacent branch lines shall not exceed 100 ft? 
(9.3 m”) per sprinkler. 
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(b) In no case shall the distance between sprinklers ex- 
ceed 12 ft (3.7 m). 

(c) It shall not be permitted to move a branch line where 
there are moved sprinklers on a branch line that ex- 
ceed the maximum sprinkler spacing. 

8.12.3.2 Maximum Distance from Walls. The distance from 
sprinklers to walls shall not exceed one-half of the allowable 
distance permitted between sprinklers as indicated in 
Table 8.12.2.2.1. 

8.12.3.3 Minimum Distance from Walls. Sprinklers shall be 
located a minimum of 4 in. (102 mm) from a wall. 

8.12.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 8 ft (2.4 m) on center. 

8.12.4 Deflector Position (Early Suppression Fast-Response 
Sprinklers). 

8.12.4.1 Distance Below Ceilings. 


8.12.4.1.1 Pendent sprinklers with a nominal K-factor of 
K-14 (200) shall be positioned so that deflectors are a maxi- 
mum 14 in. (356 mm) and a minimum 6 in. (152 mm) below 
the ceiling. 

8.12.4.1.2 Pendent sprinklers with a nominal K-factor of K-16.8 
(240) shall be positioned so that deflectors are a maximum 14 in. 
(356 mm) and a minimum 6 in. (152 mm) below the ceiling. 
8.12.4.1.3 Pendent sprinklers with a nominal K-factor of 
K-22.4 (320) and K-25.2 (360) shall be positioned so that de- 
flectors are a maximum 18 in. (457 mm) and a minimum 6 in. 
(152 mm) below the ceiling. 

8.12.4.1.4 Upright sprinklers with a nominal K-factor of 
K-14 (200) shall be positioned so that the deflector is 3 in. 
to 12 in. (76 mm to 305 mm) below the ceiling. 

8.12.4.1.5 Upright sprinklers with a nominal K-factor of 
K-16.8 (240) shall be positioned so that the deflector is 3 in. to 
12 in. (76 mm to 305 mm) below the ceiling. 

8.12.4.1.6 With obstructed construction, the branch lines 
shall be permitted to be installed across the beams, but sprin- 
klers shall be located in the bays and not under the beams. 
8.12.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 

8.12.5 Obstructions to Sprinkler Discharge (Early Suppres- 
sion Fast-Response Sprinklers). 


8.12.5.1 Obstructions at or Near the Ceiling. 
8.12.5.1.1 Sprinklers shall be arranged to comply with 
Table 8.12.5.1.1 and Figure 8.12.5.1.1 for obstructions at 


the ceiling, such as beams, ducts, lights, and top chords of 
trusses and bar joists. 
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Table 8.12.5.1.1 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (ESFR Sprinkler) 


Maximum Allowable 
Distance of Deflector 
Above Bottom of 
Obstruction (in.) (B) 


Distance from Sprinkler to 
Side of Obstruction (A) 


Less than 1 ft 0 
1 ft to less than 1 ft 6 in. 1% 
1 ft 6 in. to less than 2 ft 3 
2 ft to less than 2 ft 6 in. 5% 
2 ft 6 in. to less than 3 ft 8 
3 ft to less than 3 ft 6 in. 10 
3 ft 6 in. to less than 4 ft 12 
4 ft to less than 4 ft 6 in. 15 
4 ft 6 in. to less than 5 ft 18 
5 ft to less than 5 ft 6 in. 22 
5 ft 6 in. to less than 6 ft 26 
6 ft 31 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For A and B, refer to Figure 8.12.5.1.1. 
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Obstruction 


FIGURE 8.12.5.1.1 Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (ESFR Sprinkler). 


8.12.5.1.2 The requirements of 8.12.5.1.1 shall not apply 
where sprinklers are spaced on opposite sides of obstructions 
less than 24 in. (610 mm) wide, provided the distance from 
the centerline on the obstructions to the sprinklers does not 
exceed one-half the allowable distance between sprinklers. 


8.12.5.1.3 Sprinklers with a special obstruction allowance 
shall be installed according to their listing. 


8.12.5.2* Isolated Obstructions Below the Elevation of Sprin- 
klers. Sprinklers shall be arranged with respect to obstructions 
in accordance with one of the following: 


(1) Sprinklers shall be installed below isolated noncontinu- 
ous obstructions that restrict only one sprinkler and are 
located below the elevation of sprinklers such as light fix- 
tures and unit heaters. 


(2) Additional sprinklers shall not be required where the ob- 
struction is 2 ft (0.6 m) or less in width and the sprinkler is 
located horizontally 1 ft (0.3 m) or greater from the near- 
est edge of the obstruction. 

(3) Additional sprinklers shall not be required where sprin- 
klers are positioned with respect to the bottom of obstruc- 
tions in accordance with 8.12.5.1. 

(4) Additional sprinklers shall not be required where the ob- 
struction is 2 in. (51 mm) or less in width and is located a 
minimum of 2 ft (0.6 m) below the elevation of the sprin- 
kler deflector or is positioned a minimum of 1 ft (0.3 m) 
horizontally from the sprinkler. 

(5) Sprinklers with a special obstruction allowance shall be 
installed according to their listing. 


8.12.5.3 Continuous Obstructions Below the Sprinklers. 


8.12.5.3.1 General Continuous Obstructions. Sprinklers shall 
be arranged with respect to obstructions in accordance with 
one of the following: 


(1) Sprinklers shall be installed below continuous obstructions, 
or they shall be arranged to comply with Table 8.12.5.1.1 for 
horizontal obstructions entirely below the elevation of 
sprinklers that restrict sprinkler discharge pattern for 
two or more adjacent sprinklers such as ducts, lights, 
pipes, and conveyors. 

(2) Additional sprinklers shall not be required where the ob- 
struction is 2 in. (51 mm) or less in width and is located a 
minimum of 2 ft (0.6 m) below the elevation of the sprin- 
kler deflector or is positioned a minimum of 1 ft (0.3 m) 
horizontally from the sprinkler. 

(3) Additional sprinklers shall not be required where the ob- 
struction is 1 ft (0.3 m) or less in width and located a 
minimum of 1 ft (0.3 m) horizontally from the sprinkler. 

(4) Additional sprinklers shall not be required where the ob- 
struction is 2 ft (0.6 m) or less in width and located a 
minimum of 2 ft (0.6 m) horizontally from the sprinkler. 

(5) Ceiling sprinklers shall not be required to comply with 
Table 8.12.5.1.1 where a row of sprinklers is installed un- 
der the obstruction. 


8.12.5.3.2 Bottom Chords of Bar Joists or Open Trusses. 
ESFR sprinklers shall be positioned a minimum of 1 ft (0.3 m) 
horizontally from the nearest edge to any bottom chord of a 
bar joist or open truss. 


8.12.5.3.3 Open Gratings. Sprinklers installed under open 
gratings shall be of the intermediate level/rack storage type or 
otherwise shielded from the discharge of overhead sprinklers. 


8.12.5.3.4 Overhead Doors. Quick-response spray sprinklers 
shall be permitted to be utilized under overhead doors. 


8.12.5.3.5 Special Obstruction Allowance. Sprinklers with a 
special obstruction allowance shall be installed according to 
their listing. 


8.12.6 Clearance to Storage (Early Suppression Fast-Response 
Sprinklers). The clearance between the deflector and the top 
of storage shall be 36 in. (914 mm) or greater. 


8.13 In-Rack Sprinklers. 


8.13.1 System Size. The area protected by a single system of 
sprinklers in racks shall not exceed 40,000 ft? (3716 m°) of 
floor area occupied by the racks, including aisles, regardless of 
the number of levels of in-rack sprinklers. 
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8.13.2 Type of In-Rack Sprinklers. 


8.13.2.1 Sprinklers in racks shall be ordinary-temperature 
standard-response or quick-response classification with a 
nominal K-factor of K-5.6 (80), K-8.0 (115), or K-11.2 (160), 
pendent or upright. 


8.13.2.2 Sprinklers with intermediate- and high-temperature 
ratings shall be used near heat sources as required by 8.3.2. 


8.13.3 In-Rack Sprinkler Water Shields. 


8.13.3.1 In-Rack Sprinkler Water Shields for Storage of Class I 
Through Class IV Commodities. Water shields shall be provided 
directly above in-rack sprinklers, or listed intermediate level/ 
rack storage sprinklers shall be used where there is more than 
one level, if not shielded by horizontal barriers. (See Section C.3.) 


8.13.3.2 In-Rack Sprinkler Water Shields for Plastic Storage. 
Where in-rack sprinklers are not shielded by horizontal barri- 
ers, water shields shall be provided above the sprinklers, or 
listed intermediate level/rack storage sprinklers shall be used. 


8.13.4 Location, Position, and Spacing of In-Rack Sprinklers. 
The location, position, and spacing of in-rack sprinklers shall 
comply with the requirements in Chapters 12 through 20 as 
applicable. 


8.13.4.1 Minimum Distance Between In-Rack Sprinklers. In- 
rack sprinklers shall be permitted to be placed less than 6 ft 
(1.8 m) on center. 


8.13.5 Obstructions to In-Rack Sprinkler Discharge. In-rack 
sprinklers shall not be reguired to meet the obstruction crite- 
ria and clearance from storage requirements of Section 8.5. 


8.14 Pilot Line Detectors. 


8.14.1 Pilot line detectors and related components including 
pipe and fittings shall be corrosion resistant when installed in 
areas exposed to weather or corrosive conditions. 


8.14.2 Where subject to mechanical or physical damage, pilot 
line detectors and related detection system components shall 
be protected. 


8.14.3 Where spray sprinklers are used as pilot line detectors, 
they shall be installed in accordance with Section 8.14 and the 
spacing and location rules of Section 8.6, except that the ob- 
struction to water distribution rules for automatic sprinklers 
shall not be required to be followed. 


8.14.3.1 Where located under a ceiling, pilot sprinklers shall be 
positioned in accordance with the requirements of Section 8.6. 


8.14.4 The temperature rating of spray sprinklers utilized as 
pilot line detectors shall be selected in accordance with 8.3.2. 


8.14.5 Maximum horizontal spacing for indoor locations 
shall not exceed 12 ft (3.7 m). 


8.14.6 Pilot line detectors shall be permitted to be spaced 
more than 22 in. (559 mm) below a ceiling or deck where the 
maximum spacing between pilot line detectors is 10 ft (3 m) 
or less. 


8.14.6.1 Other maximum horizontal spacing differing from 
those required in 8.14.5 shall be permitted where installed in 
accordance with their listing. 


8.14.7 Pilot line detectors located outdoors, such as in open 
process structures, shall be spaced such that the elevation of a 
single level of pilot line detectors and between additional lev- 
els of pilot line detectors shall not exceed 17 ft (5.2 m). 
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8.14.8 The maximum distance between pilot line detectors 
installed outdoors shall not exceed 8 ft (2.5 m). 


8.14.8.1 The horizontal distance between pilot line detectors 
installed outdoors on a given level shall be permitted to be 
increased to 10 ft (3 m) when all of the following conditions 
are met: 


(1) The elevation of the first level does not exceed 15 ft (4.6 m). 

(2) The distance between additional levels does not exceed 
12 ft (3.7 m). 

(3) The pilot line actuators are staggered vertically. 


8.14.8.2 Alternate vertical spacing of pilot line detectors dif- 
fering from those required in 8.14.8.1 shall be permitted 
where installed in accordance with their listing. 


8.14.9 Pilot line detectors located in open-sided buildings 
shall follow the indoor spacing rules. 


8.14.9.1 A row of pilot line detectors spaced in accordance 
with the outdoor pilot line detector spacing rules shall be lo- 
cated along the open sides of open-sided buildings. 


8.14.9.2 Pilot line detectors located under open gratings 
shall be spaced in accordance with the outdoor rules. 


8.14.9.3 Where two or more adjacent water spray systems in 
one fire area are controlled by separate pilot line detector 
systems, the detectors on each system shall be spaced indepen- 
dently as if the dividing line between the systems were a wall or 
draft curtain. 


8.14.9.4 Where pilot line detectors are installed in water cool- 
ing tower applications, they shall be in accordance with Sec- 
tion 21.21. 


8.14.10 Pipe supplying pilot line detectors shall be permitted 
to be supported from the same points of hanger attachment as 
the piping system it serves. 


8.14.10.1 Pipe supplying pilot line detectors shall not be re- 
quired to meet the requirements of 9.3.5. 


8.15 Special Situations. 
8.15.1 Concealed Spaces. 


8.15.1.1 Concealed Spaces Requiring Sprinkler Protection. 
Concealed spaces of exposed combustible construction shall 
be protected by sprinklers except in concealed spaces where 
sprinklers are not required to be installed by 8.15.1.2.1 
through 8.15.1.2.18 and 8.15.6. 


8.15.1.2* Concealed Spaces Not Requiring Sprinkler Protection. 


8.15.1.2.1* Concealed spaces of noncombustible and limited- 
combustible construction with minimal combustible loading 
having no access shall not require sprinkler protection. 


8.15.1.2.1.1 The space shall be considered a concealed space 
even with small openings such as those used as return air for a 
plenum. 


8.15.1.2.2 Concealed spaces of noncombustible and limited- 
combustible construction with limited access and not permit- 
ting occupancy or storage of combustibles shall not require 
sprinkler protection. 


8.15.1.2.2.1 The space shall be considered a concealed space 
even with small openings such as those used as return air for a 
plenum. 


8.15.1.2.3 Concealed spaces formed by studs or joists with 
less than 6 in. (152 mm) between the inside or near edges of 
the studs or joists shall not require sprinkler protection. (See 
Figure 8.6.4.1.5.1.) 
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8.15.1.2.4 Concealed spaces formed by bar joists with less 
than 6 in. (152 mm) between the roof or floor deck and ceil- 
ing shall not require sprinkler protection. 


8.15.1.2.5* Concealed spaces formed by ceilings attached di- 
rectly to or within 6 in. (152 mm) of wood joist or similar solid 
member construction shall not require sprinkler protection. 


8.15.1.2.6* Concealed spaces formed by ceilings attached to 
composite wood joist construction either directly or onto 
metal channels not exceeding 1 in. (25.4 mm) in depth, pro- 
vided the joist channels are firestopped into volumes each not 
exceeding 160 ft? (4.53 m?) using materials equivalent to the 
web construction and at least 3% in. (90 mm) of batt insula- 
tion is installed at the bottom of the joist channels when the 
ceiling is attached utilizing metal channels, shall not require 
sprinkler protection. 


8.15.1.2.7 Concealed spaces entirely filled with noncombus- 
tible insulation shall not require sprinkler protection. 


8.15.1.2.8 Concealed spaces within wood joist construction and 
composite wood joist construction having noncombustible insu- 
lation filling the space from the ceiling up to the bottom edge of 
the joist of the roof or floor deck, provided that in composite 
wood joist construction the joist channels are firestopped into 
volumes each not exceeding 160 ft? (4.53 m) to the full depth of 
the joist with material equivalent to the web construction, shall 
not require sprinkler protection. 


8.15.1.2.9 Concealed spaces over isolated small rooms not 
exceeding 55 ft? (5.1 mî) in area shall not require sprinkler 
protection. 


8.15.1.2.10 Concealed spaces where rigid materials are used 
and the exposed surfaces have a flame spread index of 25 or 
less, and the materials have been demonstrated not to propa- 
gate fire more than 10.5 ft (3.2 m) when tested in accordance 
with ASTM E 84, Standard Test Method of Surface Burning Charac- 
teristics of Building Materials, or ANSI/UL 723, Standard for Test 
for Surface Burning Characteristics of Building Materials, extended 
for an additional 20 minutes in the form in which they are 
installed, shall not require sprinkler protection. 


8.15.1.2.11* Concealed spaces in which the exposed materials 
are constructed entirely of fire retardant—treated wood as de- 
fined by NFPA 703, Standard for Fire Retardant-Treated Wood and 
Fire-Retardant Coatings for Building Materials, shall not require 
sprinkler protection. 


8.15.1.2.12 Noncombustible concealed spaces having ex- 
posed combustible insulation where the heat content of the 
facing and substrate of the insulation material does not ex- 
ceed 1000 Btu/ft? (11,356 kJ/m?) shall not require sprinkler 
protection. 


8.15.1.2.13 Concealed spaces below insulation that is laid di- 
rectly on top of or within wood joists or composite wood joists 
used as ceiling joists in an otherwise sprinklered concealed 
space, with the ceiling attached directly to the bottom of the 
joists, shall not require sprinkler protection. 


8.15.1.2.14 Vertical pipe chases under 10 ft? (0.93 m°), where 
provided in multifloor buildings where the chases are fir- 
estopped at each floor using materials equivalent to the floor 
construction, and where such pipe chases shall contain no 
sources of ignition, piping shall be water-filled or noncombus- 
tible and pipe penetrations at each floor shall be properly 
sealed and shall not require sprinkler protection. 


8.15.1.2.15 Exterior columns under 10 ft? (0.93 m?) in area, 
formed by studs or wood joist supporting exterior canopies 
that are fully protected with a sprinkler system, shall not re- 
quire sprinkler protection. 


8.15.1.2.16* Concealed spaces formed by noncombustible or 
limited-combustible ceilings suspended from the bottom of 
wood joists, composite wood joists, wood bar joists, or wood 
trusses that have insulation filling all of the gaps between the 
bottom of the trusses or joists, and where sprinklers are 
present in the space above the insulation within the trusses or 
joists, shall not require sprinkler protection. 


8.15.1.2.16.1 The heat content of the facing, substrate, and sup- 
port of the insulation material shall not exceed 1000 Btu/ ft? 
(11,356 kJ/m’) : 


8.15.1.2.17* Concealed spaces formed by noncombustible or 
limited-combustible ceilings suspended from the bottom of 
wood joists and composite wood joists with a maximum nominal 
chord width of 2 in. (50.8 mm), where joist spaces are full of 
noncombustible batt insulation with a maximum 2 in. (50.8 m) 
air space between the roof decking material and the top of the 
batt insulation. Facing that meets the requirements for noncom- 
bustible or limited-combustible material covering the surface of 
the bottom chord of each joist and secured in place per the 
manufacturer’s recommendations shall not require sprinklers. 


8.15.1.2.18 Sprinklers shall be permitted to be omitted from 
within combustible soffits, eaves, overhangs, and decorative 
frame elements that are constructed in accordance with 
8.15.1.2.18.1 through 8.15.1.2.18.4. 


8.15.1.2.18.1 Combustible soffits, eaves, overhangs, and 
decorative frame elements shall not exceed 4 ft 0 in. (1.2 m) in 
width. 


8.15.1.2.18.2 Combustible soffits, eaves, overhangs, and 
decorative frame elements shall be draftstopped, with a mate- 


rial equ uivalent ‘a that of the soffit, into volumes not exceeding 
160 ft” (4.5 m? 


8.15.1.2.18.3 Combustible soffits, eaves, overhangs, and 
decorative frame elements shall be separated from the inte- 
rior of the building by walls or roofs of noncombustible or 
limited-combustible construction. 


8.15.1.2.18.4 Combustible soffits, eaves, overhangs, and 
decorative frame elements shall have no openings or unpro- 
tected penetrations directly into the building. 


8.15.1.3 Concealed Space Design Requirements. Sprinklers 
in concealed spaces having no access for storage or other use 
shall be installed in accordance with the requirements for 
light hazard occupancy. 


8.15.1.4 Heat-Producing Devices with Composite Wood Joist 
Construction. Where heat-producing devices such as furnaces 
or process equipment are located in the joist channels above a 
ceiling attached directly to the underside of composite wood 
joist construction that would not otherwise require sprinkler 
protection of the spaces, the joist channel containing the heat- 
producing devices shall be sprinklered by installing sprinklers 
in each joist channel, on each side, adjacent to the heat- 
producing device. 


8.15.1.5 Localized Protection of Exposed Combustible Con- 
struction or Exposed Combustibles. When otherwise noncom- 
bustible or limited-combustible concealed spaces that would not 
require sprinkler protection have localized exposed combustible 
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construction, or contain localized areas of exposed combustibles, 
the combustibles shall be permitted to be protected as follows: 


(1) If the exposed combustibles are in the vertical partitions 
or walls around all or a portion of the enclosure, a single 
row of sprinklers spaced not over 12 ft (3.7 m) apart nor 
more than 6 ft (1.8 m) from the inside of the partition 
shall be permitted to protect the surface. The first and last 
sprinklers in such a row shall not be over 5 ft (1.5 m) from 
the ends of the partitions. 

(2) Ifthe exposed combustibles are in the horizontal plane, the 
area of the combustibles shall be permitted to be protected 
with sprinklers on a light hazard spacing. Additional sprin- 
klers shall be installed no more than 6 ft (1.8 m) outside the 
outline of the area and not more than 12 ft (3.7 m) on cen- 
ter along the outline. When the outline returns to a wall or 
other obstruction, the last sprinkler shall not be more than 
6 ft (1.8 m) from the wall or obstruction. 


8.15.1.6 Sprinklers used in horizontal combustible con- 
cealed spaces (with a slope not exceeding 2 in 12) with com- 
bustible wood truss or wood joist construction having a com- 
bustible upper surface and where the depth of the space is less 
than 36 in. (914 mm) from deck to deck or with double wood 
joist construction with a maximum of 36 in. (914 mm) be- 
tween the top of the bottom joist and the bottom of the upper 
joist shall be listed for such use. 


8.15.1.6.1 Sprinklers specifically listed to provide protection 
of combustible concealed spaces described in 8.15.1.6 shall be 
permitted to be used in accordance with 8.3.1.2 where the 
space is less than 12 in. (305 mm) from deck to deck. 


8.15.1.7 Sprinklers specifically listed to provide protection of 
combustible concealed spaces described in 8.15.1.6 shall be 
permitted to protect composite wood joist construction with a 
maximum of 36 in. (914 mm) between the top of the bottom 
joist and the bottom of the upper joist. 


8.15.2 Vertical Shafts. 


8.15.2.1 General. Unless the requirements of 8.15.2.1.1 or 
8.15.2.1.2 are met, one sprinkler shall be installed at the top of 
shafts. 


8.15.2.1.1 Noncombustible or limited-combustible, nonacces- 
sible vertical duct shafts shall not require sprinkler protection. 


8.15.2.1.2 Noncombustible or limited-combustible, nonac- 
cessible vertical electrical or mechanical shafts shall not re- 
quire sprinkler protection. 


8.15.2.2* Shafts with Combustible Surfaces. 


8.15.2.2.1 Where vertical shafts have combustible surfaces, 
one sprinkler shall be installed at each alternate floor level. 


8.15.2.2.2 Where a shaft having combustible surfaces is 
trapped, an additional sprinkler shall be installed at the top of 
each trapped section. 


8.15.2.3 Accessible Shafts with Noncombustible Surfaces. 
Where accessible vertical shafts have noncombustible sur- 
faces, one sprinkler shall be installed near the bottom. 


8.15.3 Stairways. 


8.15.3.1 Combustible Construction. Sprinklers shall be in- 
stalled beneath all stairways of combustible construction. 
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8.15.3.2 Noncombustible Construction. 


8.15.3.2.1 In noncombustible stair shafts having noncom- 
bustible stairs with noncombustible or limited-combustible 
finishes, sprinklers shall be installed at the top of the shaft 
and under the first accessible landing above the bottom of 
the shaft. 


8.15.3.2.2 Where noncombustible stair shafts are divided by 
walls or doors, sprinklers shall be provided on each side of the 
separation. 


8.15.3.2.3 Sprinklers shall be installed beneath landings or 
stairways where the area beneath is used for storage. 


8.15.3.2.4 Sprinklers shall be permitted to be omitted from 
exterior stair towers when the exterior walls of the stair tower 
are at least 50 percent open and when the stair tower is en- 
tirely of noncombustible construction. 


8.15.3.3* Stairs Serving Two or More Fire Divisions. Sprinklers 
shall be installed in the stair shaft at each floor landing where 
two or more doors open from that landing into separate fire 
divisions. 


8.15.4* Vertical Openings. 


8.15.4.1* General. Unless the requirements of 8.15.4.4 are 
met, where moving stairways, staircases, or similar floor open- 
ings are unenclosed and where sprinkler protection is serving 
as the alternative to enclosure of the vertical opening, the 
floor openings involved shall be protected by closely spaced 
sprinklers in combination with draft stops in accordance with 
8.15.4.2 and 8.15.4.3. 


8.15.4.2 Draft Stops. Draft stops shall meet all of the follow- 
ing criteria: 


(1) The draft stops shall be located immediately adjacent to 
the opening. 

(2) The draft stops shall be at least 18 in. (457 mm) deep. 

(3) The draft stops shall be of noncombustible or limited- 
combustible material that will stay in place before and 
during sprinkler operation. 


8.15.4.3 Sprinklers. 


8.15.4.3.1 Sprinklers shall be spaced not more than 6 ft (1.8 m) 
apart and placed 6 in. to 12 in. (152 mm to 305 mm) from the 
draft stop on the side away from the opening. 


8.15.4.3.2 Where sprinklers are closer than 6 ft (1.8 m), cross 
baffles shall be provided in accordance with 8.6.3.4.2. 


8.15.4.4 Large Openings. Closely spaced sprinklers and draft 
stops are not required around large openings such as those 
found in shopping malls, atrium buildings, and similar struc- 
tures where all adjoining levels and spaces are protected by 
automatic sprinklers in accordance with this standard and 
where the openings have all horizontal dimensions between 
opposite edges of 20 ft (6 m) or greater and an area of 1000 ft? 
(93 m?) or greater. 


8.15.5 Elevator Hoistways and Machine Rooms. 


8.15.5.1* Sidewall spray sprinklers shall be installed at the bot- 
tom of each elevator hoistway not more than 2 ft (0.61 m) 
above the floor of the pit. 
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8.15.5.2 The sprinkler required at the bottom of the elevator 
hoistway by 8.15.5.1 shall not be required for enclosed, non- 
combustible elevator shafts that do not contain combustible 
hydraulic fluids. 


8.15.5.3* Automatic sprinklers in elevator machine rooms or 
at the tops of hoistways shall be of ordinary- or intermediate- 
temperature rating. 


8.15.5.4* Upright, pendent, or sidewall spray sprinklers shall 
be installed at the top of elevator hoistways. 


8.15.5.5 The sprinkler required at the top of the elevator 
hoistway by 8.15.5.4 shall not be required where the hoistway for 
passenger elevators is noncombustible or limited-combustible 
and the car enclosure materials meet the requirements of ASME 
A17.1, Safety Code for Elevators and Escalators. 


8.15.5.6 Sprinklers shall be installed at the top and bottom of 
elevator hoistways where elevators utilize polyurethane-coated 
steel belts or other similar combustible belt material. 


8.15.6 Spaces Under Ground Floors, Exterior Docks, and 
Platforms. 


8.15.6.1 Unless the requirements of 8.15.6.2 are met, sprin- 
klers shall be installed in spaces under all combustible ground 
floors, exterior docks, and platforms. 


8.15.6.2 Sprinklers shall be permitted to be omitted from 
spaces under ground floors, exterior docks, and platforms 
where all of the following conditions prevail: 


(1) The space is not accessible for storage purposes and is 
protected against accumulation of wind-borne debris. 

(2) The space contains no equipment such as conveyors or 
fuel-fired heating units. 

(3) The floor over the space is of tight construction. 

(4) No combustible or flammable liquids or materials that 
under fire conditions would convert into combustible or 
flammable liquids are processed, handled, or stored on 
the floor above the space. 


8.15.7* Exterior Roofs, Canopies, Porte-Cocheres, Balconies, 
Decks, or Similar Projections. 


8.15.7.1 Unless the requirements of 8.15.7.2, 8.15.7.3, or 
8.15.7.4 are met, sprinklers shall be installed under exterior 
roofs, canopies, porte-cocheres, balconies, decks, or similar 
projections exceeding 4 ft (1.2 m) in width. 


8.15.7.2* Sprinklers shall be permitted to be omitted where 
the canopies, roofs, porte-cocheres, balconies, decks, or simi- 
lar projections are constructed with materials that are non- 
combustible, limited-combustible, or fire retardant—treated 
wood as defined in NFPA 703, Standard for Fire Retardant- 
Treated Wood and Fire-Retardant Coatings for Building Materials. 


8.15.7.3 Sprinklers shall be permitted to be omitted from 
below the canopies, roofs, porte-cocheres, balconies, decks, or 
similar projections of combustible construction, provided the 
exposed finish material on the roofs, canopies, or porte- 
cocheres are noncombustible, limited-combustible, or fire 
retardant—treated wood as defined in NFPA 703, Standard for 
Fire Retardant—Treated Wood and Fire-Retardant Coatings for Build- 
ing Materials, and the roofs, canopies, or porte-cocheres con- 
tain only sprinklered concealed spaces or any of the following 
unsprinklered combustible concealed spaces: 


(1) Combustible concealed spaces filled entirely with non- 
combustible insulation 


(2) Light or ordinary hazard occupancies where noncombus- 
tible or limited-combustible ceilings are directly attached 
to the bottom of solid wood joists so as to create enclosed 
joist spaces 160 ft? (4.5 m?) or less in volume, including 
space below insulation that is laid directly on top or within 
the ceiling joists in an otherwise sprinklered attic [see 
11.2.3.1.4(4)(d)] 

(3) Concealed spaces over isolated small roofs, canopies, or 
porte-cocheres not exceeding 55 ft? (5.1 m?) in area 


8.15.7.4 Sprinklers shall be permitted to be omitted from 
exterior exit corridors when the exterior walls of the corridor 
are at least 50 percent open and when the corridor is entirely 
of noncombustible construction. 


8.15.7.5* Sprinklers shall be installed under roofs, canopies, 
porte-cocheres, balconies, decks, or similar projections greater 
than 2 ft (0.6 m) wide over areas where combustibles are stored. 


8.15.8 Dwelling Units. 
8.15.8.1 Bathrooms. 


8.15.8.1.1* Unless sprinklers are required by 8.15.8.1.2 or 
8.15.8.1.3, sprinklers shall not be required in bathrooms that 
are located within dwelling units, that do not exceed 55 ft? 
(5.1 m?) in area, and that have walls and ceilings of noncom- 
bustible or limited-combustible materials with a 15-minute 
thermal barrier rating, including the walls and ceilings behind 
any shower enclosure or tub. 


8.15.8.1.2 Sprinklers shall be required in bathrooms of lim- 
ited care facilities and nursing homes, as defined in NFPA 101, 
Life Safety Code. 


8.15.8.1.3 Sprinklers shall be required in bathrooms opening 
directly onto public corridors or exitways. 


8.15.8.2* Closets and Pantries. Sprinklers are not required in 
clothes closets, linen closets, and pantries within dwelling 
units in hotels and motels where the area of the space does not 
exceed 24 ft? (2.2 m?), the least dimension does not exceed 
3 ft (0.9 m), and the walls and ceilings are surfaced with non- 
combustible or limited-combustible materials. 


8.15.9* Library Stack Areas and Medical Record Storage. 
Where books or medical records are stored in fixed open 
book shelves, sprinklers shall be installed in accordance with 
one of the following: 


(1) Sprinklers shall be permitted to be installed without re- 
gard to aisles where clearance between sprinkler deflec- 
tors and tops of stacks is 18 in. (457 mm) or more. 

(2) Where the 18 in. (457 mm) clearance between sprinkler 
deflectors and tops of stacks cannot be maintained, sprin- 
klers shall be installed in every aisle and at every tier of 
stacks with distance between sprinklers along aisles not to 
exceed 12 ft (3.7 m) in accordance with Figure 8.15.9(a). 

(3) Where the 18 in. (457 mm) clearance between sprinkler 
deflectors and tops of stacks cannot be maintained and 
where vertical shelf dividers are incomplete and allow wa- 
ter distribution to adjacent aisles, sprinklers shall be per- 
mitted to be omitted in alternate aisles on each tier, and 
where ventilation openings are also provided in tier 
floors, sprinklers shall be staggered vertically in accor- 
dance with Figure 8.15.9(b). 


8.15.10 Electrical Equipment. 


8.15.10.1 Unless the requirements of 8.15.10.3 are met, sprin- 
kler protection shall be required in electrical equipment rooms. 
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FIGURE 8.15.9(a) Sprinklers in Multitier Bookstacks with 
Complete Vertical Dividers. 
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FIGURE 8.15.9(b) Sprinklers in Multitier Bookstacks with 
Incomplete Vertical Dividers. 


8.15.10.2 Hoods or shields installed to protect important 
electrical equipment from sprinkler discharge shall be non- 
combustible. 


8.15.10.3 Sprinklers shall not be required in electrical equip- 
ment rooms where all of the following conditions are met: 


(1) The room is dedicated to electrical equipment only. 

(2) Only dry-type electrical equipment is used. 

(3) Equipment is installed in a 2-hour fire-rated enclosure 
including protection for penetrations. 

(4) No combustible storage is permitted to be stored in the 
room. 


8.15.11* Industrial Ovens and Furnaces. 


8.15.12 Duct Protection. Duct protection shall be required to 
meet the requirements of 8.15.12 where required by the au- 
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thority having jurisdiction or the applicable referenced code 
or standard. 


8.15.12.1 Sprinkler Location. 


8.15.12.1.1 Unless the requirements of 8.15.12.1.2 or 
8.15.12.1.3 are met, ducts shall have one sprinkler located 
at the top of each vertical riser and at the midpoint of each 
offset. 


8.15.12.1.2 Sprinklers shall not be required in a vertical riser 
located outside of a building, provided the riser does not ex- 
pose combustible material or provided the interior of the 
building and the horizontal distance between the hood outlet 
and the vertical riser is at least 25 ft (7.6 m). 


8.15.12.1.3 Horizontal exhaust ducts shall have sprinklers lo- 
cated on 10 ft (3 m) centers beginning no more than 5 ft (1.5 m) 
from the duct entrance. 


8.15.12.2 Protection Against Freezing. Sprinklers in exhaust 
ducts subject to freezing shall be properly protected against 
freezing. (See 8.16.4.1.) 


8.15.12.3 Sprinkler Access. Access shall be provided to all 
sprinklers for inspection, testing, and maintenance. 


8.15.12.4 Strainers. A listed line strainer shall be installed in 
the main water supply preceding sprinklers having nominal 
K-factors smaller than K-2.8 (40). 


8.15.13* Open-Grid Ceilings. Open-grid ceilings shall only be 
installed beneath sprinklers where one of the following is met: 


(1) Open-grid ceilings in which the openings are / in. 
(6.4 mm) or larger in the least dimension, where the 
thickness or depth of the material does not exceed the 
least dimension of the opening, and where such openings 
constitute 70 percent of the area of the ceiling material. 
The spacing of the sprinklers over the open-grid ceiling 
shall then comply with the following: 

(a) In light hazard occupancies where sprinkler spacing (ei- 
ther spray or old-style sprinklers) is less than 10 ft x 10 ft 
(3 m x 3 m), a minimum clearance of at least 18 in. 
(457 mm) shall be provided between the sprinkler de- 
flectors and the upper surface of the open-grid ceiling. 
Where spacing is greater than 10 ft x 10 ft (3 m x 3 m) 
but less than 10 ft x 12 ft (3m x 3.7 m), a clearance of at 
least 24 in. (610 mm) shall be provided from spray 
sprinklers and at least 36 in. (914 mm) from old-style 
sprinklers. Where spacing is greater than 10 ft x 12 ft 
(3 m x 3.7 m), a clearance of at least 48 in. (1219 mm) 
shall be provided. 

(b) In ordinary hazard occupancies, open-grid ceilings 
shall be permitted to be installed beneath spray sprin- 
klers only. Where sprinkler spacing is less than 10 ft 
x 10 ft (3m x 3 m), a minimum clearance of at least 
24 in. (610 mm) shall be provided between the sprin- 
kler deflectors and the upper surface of the open-grid 
ceiling. Where spacing is greater than 10 ft x 10 ft 
(3 m x 3 m), a clearance of at least 36 in. (914 mm) 
shall be provided. 


(2) Other types of open-grid ceilings shall be permitted to be 
installed beneath sprinklers where they are listed for such 
service and are installed in accordance with instructions 
contained in each package of ceiling material. 
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8.15.14 Drop-Out Ceilings. 


8.15.14.1 Drop-out ceilings shall be permitted to be installed 
beneath sprinklers where ceilings are listed for that service 
and are installed in accordance with their listings. 


8.15.14.2 Drop-out ceilings shall not be installed below 
quick-response or extended coverage sprinklers unless specifi- 
cally listed for that application. 


8.15.14.3 Drop-out ceilings shall not be considered ceilings 
within the context of this standard. 


8.15.14.4* Piping installed above drop-out ceilings shall not 
be considered concealed piping. 


8.15.14.5* Sprinklers shall not be installed beneath drop-out 
ceilings. 


8.15.15 Old-Style Sprinklers. 


8.15.15.1 Unless required by 8.15.15.2 or 8.15.15.3, old-style 
sprinklers shall not be used in a new installation. 


8.15.15.2* Old-style sprinklers shall be installed in fur storage 
vaults. 


8.15.15.3 Use of old-style sprinklers shall be permitted where 
construction features or other special situations require 
unique water distribution. 


8.15.16 Stages. 


8.15.16.1 Sprinklers shall be installed under the roof at the ceil- 
ing, in spaces under the stage either containing combustible ma- 
terials or constructed of combustible materials, and in all adja- 
cent spaces and dressing rooms, storerooms, and workshops. 


8.15.16.2 Where proscenium opening protection is required, 
a deluge system shall be provided with open sprinklers located 
not more than 3 ft (0.9 m) away from the stage side of the 
proscenium arch and spaced up to a maximum of 6 ft (1.8 m) 
on center. (See Chapter 11 for design criteria.) 


8.15.17 Stair Towers. Stair towers, or other construction with 
incomplete floors, if piped on independent risers, shall be 
treated as one area with reference to pipe sizes. 


8.15.18 Return Bends. 


8.15.18.1 Unless the requirements of 8.15.18.3 or 8.15.18.4 
are met, return bends shall be used where pendent sprinklers 
are supplied from a raw water source, a mill pond, or open-top 
reservoirs. 


8.15.18.2 Return bends shall be connected to the top of 
branch lines in order to avoid accumulation of sediment in 
the drop nipples in accordance with Figure 8.15.18.2. 


8.15.18.3 Return bends shall not be required for deluge 
systems. 


8.15.18.4 Return bends shall not be required where dry- 
pendent sprinklers are used. 


8.15.19 Piping to Sprinklers Below Ceilings. 


8.15.19.1* In new installations expected to supply sprinklers be- 
low a ceiling, minimum 1 in. (25 mm) outlets shall be provided. 


8.15.19.2* In new installations, it shall be permitted to provide 
minimum 1 in. (25 mm) outlets with hexagonal bushings to 
accommodate sprinklers attached directly to branch line fit- 
tings to allow for future system modifications. 


Cc 


eiling 


A 


FIGURE 8.15.18.2 Return Bend Arrangement. 


8.15.19.3 When systems are revamped to accommodate 
added ceilings, sprinkler outlets utilized for new armover or 
drop nipples shall have hexagonal bushings removed. 


8.15.19.4 Revamping of Pipe Schedule Systems. 


8.15.19.4.1 When pipe schedule systems are revamped, a 
nipple not exceeding 4in. (100 mm) in length shall be permit- 
ted to be installed in the branch line fitting. 


8.15.19.4.2 All piping other than the nipple permitted in 
8.15.19.4.1 and 8.15.19.4.3 shall be a minimum of 1 in. 
(25 mm) in diameter in accordance with Figure 8.15.19.4.2. 


Main ceiling 


r Reducing elbow 
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Suspended 
ceiling 


AZ 


FIGURE 8.15.19.4.2 Nipple and Reducing Elbow Supplying 
Sprinkler Below Ceiling. 


8.15.19.4.3 When it is necessary to pipe two new ceiling sprin- 
klers from an existing outlet in an overhead system, the use of a 
nipple not exceeding 4 in. (100 mm) in length and of the same 
pipe thread size as the existing outlet shall be permitted, pro- 
vided that a hydraulic calculation verifies that the design flow rate 
will be achieved in accordance with Figure 8.15.19.4.3. 
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FIGURE 8.15.19.4.3 Sprinklers in Concealed Space and Be- 
low Ceiling. 


8.15.19.4.4 The use of pipe nipples less than 1 in. (25 mm) in 
diameter shall not be permitted where seismic design is re- 
quired on the system. 


8.15.19.5 Revamping of Hydraulic Design Systems. 


8.15.19.5.1 When hydraulically designed systems are re- 
vamped, any existing bushing shall be removed and a nipple 
not exceeding 4 in. (100 mm) in length shall be permitted to 
be installed in the branch line fitting. 


8.15.19.5.2* Calculations shall be provided to verify that the 
system design flow rate will be achieved. 


8.15.19.5.3 When it is necessary to pipe two new ceiling sprin- 
klers from an existing outlet in an overhead system, any bushings 
shall be removed and the use of a nipple not exceeding 4 in. 
(100 mm) in length and of the same pipe thread size as the exist- 
ing outlet shall be permitted, provided that a hydraulic calcula- 
tion verifies that the design flow rate will be achieved. 


8.15.19.5.4 The use of pipe nipples less than 1 in. (25 mm) in 
diameter shall not be permitted in areas subject to earthquakes. 


8.15.20 Dry Pipe Underground. 


8.15.20.1 Where necessary to place pipe that will be under air 
pressure underground, the pipe shall be protected against 
corrosion. 


8.15.20.2 Unprotected cast-iron or ductile-iron pipe shall be 
permitted where joined with a gasketed joint listed for air ser- 
vice underground. 


8.15.21* System Subdivision. Where individual floor/zone con- 
trol valves are not provided, a flanged joint or mechanical cou- 
pling shall be used at the riser at each floor for connections to 
piping serving floor areas in excess of 5000 ft? (465 m°). 


8.15.22 Spaces Above Ceilings. 


8.15.22.1 Where spaces have ceilings that are lower than the 
rest of the area, the space above this lower ceiling shall be 
sprinklered unless it complies with the rules of 8.15.1.2 for 
allowable unsprinklered concealed spaces. 


8.15.22.2 Where the space above a drop ceiling is sprin- 
klered, the sprinkler system shall conform to the rules of 
11.1.2 and Section 12.3. 
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8.15.22.3* Where there is a noncombustible space above a 
noncombustible or limited-combustible drop ceiling that is 
sprinklered because it is open to an adjacent sprinklered 
space on only one side and where there is no possibility for 
storage above the drop ceiling, the sprinkler system shall be 
permitted to extend only as far into the space as 0.6 times the 
square root of the design area of the sprinkler system in the 
adjacent space. 


8.15.22.3.1 The sprinkler system shall extend at least 24 ft 
(7.2 m) into the space above the ceiling. 


8.16 Piping Installation. 
8.16.1 Valves. 

8.16.1.1* Control Valves. 
8.16.1.1.1* General. 


8.16.1.1.1.1 Each sprinkler system shall be provided with a 
listed indicating valve in an accessible location, so located as to 
control all automatic sources of water supply. 


8.16.1.1.1.2 At least one listed indicating valve shall be in- 
stalled in each source of water supply. 


8.16.1.1.1.3 The requirements of 8.16.1.1.1.2 shall not apply 
to the fire department connection, and there shall be no shut- 
off valve in the fire department connection. 


8.16.1.1.2* Supervision. 


8.16.1.1.2.1 Valves on connections to water supplies, sectional 
control and isolation valves, and other valves in supply pipes to 
sprinklers and other fixed water-based fire suppression systems 
shall be supervised by one of the following methods: 


(1) Central station, proprietary, or remote station signaling 
service 

(2) Local signaling service that will cause the sounding of an 
audible signal at a constantly attended point 

(3) Valves locked in the correct position 

(4) Valves located within fenced enclosures under the control 
of the owner, sealed in the open position, and inspected 
weekly as part of an approved procedure 


8.16.1.1.2.2 Floor control valves in high-rise buildings and 
valves controlling flow to sprinklers in circulating closed loop 
systems shall comply with 8.16.1.1.2.1(1) or 8.16.1.1.2.1(2). 


8.16.1.1.2.3 The requirements of 8.16.1.1.2.1 shall not apply 
to underground gate valves with roadway boxes. 


8.16.1.1.2.4 Where control valves are installed overhead, they 
shall be positioned so that the indicating feature is visible from 
the floor below. 


8.16.1.1.3* Check Valves. 


8.16.1.1.3.1 Where there is more than one source of water 
supply, a check valve shall be installed in each connection. 


8.16.1.1.3.2 A listed backflow prevention device shall be con- 
sidered a check valve, and an additional check valve shall not 
be required. 


8.16.1.1.3.3 Where cushion tanks are used with automatic 
fire pumps, no check valve is required in the cushion tank 
connection. 


8.16.1.1.3.4 Check valves shall be installed in a vertical or 
horizontal position in accordance with their listing. 
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8.16.1.1.3.5* Where a single wet pipe sprinkler system is 
equipped with a fire department connection, the alarm valve 
is considered a check valve, and an additional check valve shall 
not be required. 


8.16.1.1.4* Control Valves with Check Valves. 


8.16.1.1.4.1 In a connection serving as one source of supply, 
listed indicating valves or post-indicator valves shall be in- 
stalled on both sides of all check valves required in 8.16.1.1.3. 
The city services control valve (non-indicating control valve) 
shall be permitted to serve as the supply side control valve. 


8.16.1.1.4.2 The requirements of 8.16.1.1.4.1 shall not apply 
to the check valve located in the fire department connection 
piping, and there shall be no control valves in the fire depart- 
ment connection piping. 


8.16.1.1.4.3 The requirements of 8.16.1.1.4.1 shall not apply 
where the city connection serves as the only automatic source 
of supply to a wet pipe sprinkler system; a control valve is not 
required on the system side of the check valve or the alarm 
check valve. 


8.16.1.1.5* Control Valves for Gravity Tanks. Gravity tanks 
shall have listed indicating valves installed on both sides of the 
check valve. 


8.16.1.1.6* Pumps. When a pump is located in a combustible 
pump house or exposed to danger from fire or falling walls, or 
when a tank discharges into a private fire service main fed by 
another supply, either the check valve in the connection shall 
be located in a pit or the control valve shall be of the post- 
indicator type located a safe distance outside buildings. 


8.16.1.1.7* Control Valve Accessibility. All control valves shall 
be located where readily accessible and free of obstructions. 


8.16.1.1.8 Control Valve Identification. Identification signs 
shall be provided at each valve to indicate its function and 
what it controls. 


8.16.1.2 Pressure-Reducing Valves. 


8.16.1.2.1 In portions of systems where all components are 
not listed for pressure greater than 175 psi (12.1 bar) and the 
potential exists for normal (nonfire condition) water pressure 
in excess of 175 psi (12.1 bar), a listed pressure-reducing valve 
shall be installed and set for an outlet pressure not exceeding 
165 psi (2.4 bar) at the maximum inlet pressure. 


8.16.1.2.2 Pressure gauges shall be installed on the inlet and 
outlet sides of each pressure-reducing valve. 


8.16.1.2.3* A relief valve of not less than 4% in. (13 mm) in size 
shall be provided on the discharge side of the pressure-reducing 
valve set to operate at a pressure not exceeding 175 psi (12.1 bar). 


8.16.1.2.4 A listed indicating valve shall be provided on the 
inlet side of each pressure-reducing valve, unless the pressure- 
reducing valve meets the listing requirements for use as an 
indicating valve. 


8.16.1.2.5 Means shall be provided downstream of all pressure- 
reducing valves for flow tests at sprinkler system demand. 


8.16.1.3* Post-Indicator Valves. 


8.16.1.3.1 Where post-indicator valves are used, they shall be 
set so that the top of the post is 32 in. to 40 in. (0.8 m to 1.0 m) 
above the final grade. 


8.16.1.3.2 Post-indicator valves shall be properly protected 
against mechanical damage where needed. 


8.16.1.3.3 The requirements of 8.16.1.3.1 shall not apply to 
wall post-indicator valves. 


8.16.1.4 Valves in Pits. 


8.16.1.4.1 General. Where it is impractical to provide a post- 
indicator valve, valves shall be permitted to be placed in pits 
with permission of the authority having jurisdiction. 


8.16.1.4.2* Valve Pit Construction. 


8.16.1.4.2.1 When used, valve pits shall be of adequate size 
and readily accessible for inspection, operation, testing, main- 
tenance, and removal of equipment contained therein. 


8.16.1.4.2.2 Valve pits shall be constructed and arranged to 
properly protect the installed equipment from movement of 
earth, freezing, and accumulation of water. 


8.16.1.4.2.3 Poured-in-place or precast concrete, with or 
without reinforcement, or brick (all depending upon soil con- 
ditions and size of pit) shall be appropriate materials for con- 
struction of valve pits. 


8.16.1.4.2.4 Other approved materials shall be permitted to 
be used for valve pit construction. 


8.16.1.4.2.5 Where the water table is low and the soil is porous, 
crushed stone or gravel shall be permitted to be used for the floor 
of the pit. [See Figure A.8.17.2(b) for a suggested arrangement. ] 


8.16.1.4.2.6 Valve pits located at or near the base of the riser of 
an elevated tank shall be designed in accordance with Chapter 9 
of NFPA 22, Standard for Water Tanks for Private Fire Protection. 


8.16.1.4.3 Valve Pit Marking. The location of the valve shall be 
clearly marked, and the cover of the pit shall be kept free of 
obstructions. 


8.16.1.5 Sectional Valves. 


8.16.1.5.1 Large private fire service main systems shall have 
sectional controlling valves at appropriate points in order to 
permit sectionalizing the system in the event of a break or for 
the making of repairs or extensions. 


8.16.1.5.2 A valve shall be provided on each bank where a 
main crosses water and outside the building foundation(s) 
where the main or section of main runs under a building. 


8.16.1.6* In-Rack Sprinkler System Control Valves. 


8.16.1.6.1 Unless the requirements of 8.16.1.6.2 or 8.16.1.6.3 
are met, where sprinklers are installed in racks, separate indi- 
cating control valves and drains shall be provided and ar- 
ranged so that ceiling and in-rack sprinklers can be controlled 
independently. 


8.16.1.6.2 Installation of 20 or fewer in-rack sprinklers sup- 
plied by any one ceiling sprinkler system shall not require a 
separate indicating control valve. 

8.16.1.6.3 The separate indicating valves shall be permitted to 


be arranged as sectional control valves where the racks occupy 
only a portion of the area protected by the ceiling sprinklers. 


8.16.2 Drainage. 


8.16.2.1* General. All sprinkler pipe and fittings shall be so 
installed that the system can be drained. 
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8.16.2.2 Wet Pipe Systems. 


8.16.2.2.1 On wet pipe systems, sprinkler pipes shall be per- 
mitted to be installed level. 


8.16.2.2.2 Trapped piping shall be drained in accordance 
with 8.16.2.5. 


8.16.2.3 Dry Pipe and Preaction Systems. Piping shall be 
pitched to drain as stated in 8.16.2.3.1 through 8.16.2.3.3. 


8.16.2.3.1 Dry Pipe Systems in Nonrefrigerated Areas. In dry 
pipe system, branch lines shall be pitched at least % in. per 10 ft 
(4 mm/m), and mains shall be pitched at least 1⁄4 in. per 10 ft 
(2 mm/m) in nonrefrigerated areas. 


8.16.2.3.2 Preaction Systems. In preaction systems, branch 
lines shall be pitched at least 4% in. per 10 ft (4 mm/m), and 
mains shall be pitched at least V4 in. per 10 ft (2 mm/m). 


8.16.2.3.3 Dry Pipe and Preaction Systems in Refrigerated Ar- 
eas. Branch lines shall be pitched at least 4% in. per 10 ft 
(4 mm/m), and mains shall be pitched at least 4% in. per 10 ft 
(4 mm/m) in refrigerated areas. 


8.16.2.4* System, Main Drain, or Sectional Drain Connections. 


8.16.2.4.1* Provisions shall be made to properly drain all parts 
of the system. 


8.16.2.4.2 Drain connections for systems supply risers and 
mains shall be sized as shown in Table 8.16.2.4.2. 


Table 8.16.2.4.2 Drain Size 


Riser or Main Size Size of Drain Connection 


(in.) (in.) 


Up to 2 
2%, 3, 3% 
4 and larger 


%4 or larger 
1% or larger 
2 only 


For SI units, 1 in. = 25.4 mm. 


8.16.2.4.3 Where an interior sectional or floor control valve (s) 
is provided, it shall be provided with a drain connection having a 
minimum size as shown in Table 8.16.2.4.2 to drain that portion 
of the system controlled by the sectional valve. 


8.16.2.4.4 Drains shall discharge outside or to a drain con- 
nection capable of handling the flow of the drain. /See Fig- 
ure A.8.17.4.2(b).] 


8.16.2.4.5 For those drains serving pressure-reducing valves, 
the drain, drain connection, and all other downstream drain 
piping shall be sized to permit a flow of at least the greatest 
system demand supplied by the pressure-reducing valve. 


8.16.2.4.6 The test connections required by 8.17.4.1 shall be 
permitted to be used as main drain connections. 


8.16.2.4.7 Where drain connections for floor control valves 
are tied into a common drain riser, the drain riser shall be one 
pipe size larger than the largest size drain connection tying 
into it. 


8.16.2.4.8 Where subject to freezing, a minimum 4 ft (1.22 m) 
of exposed drain pipe shall be in a heated area between the drain 
valve and the exterior wall when drain piping extends through 
the wall to the outside. 
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8.16.2.5 Auxiliary Drains. 


8.16.2.5.1 Auxiliary drains shall be provided where a change 
in piping direction prevents drainage of system piping 
through the main drain valve. 


8.16.2.5.2 Auxiliary Drains for Wet Pipe Systems and Preac- 
tion Systems in Areas Not Subject to Freezing. 


8.16.2.5.2.1* Where the capacity of isolated trapped sections 
of pipe is 50 gal (189 L) or more, the auxiliary drain shall 
consist of a valve not smaller than 1 in. (25 mm), piped to an 
accessible location. 


8.16.2.5.2.2 Where the capacity of isolated trapped sections 
of pipe is more than 5 gal (18.9 L) and less than 50 gal (189 L), 
the auxiliary drain shall consist of a valve Y4 in. (20 mm) or 
larger and a plug or a nipple and cap. 


8.16.2.5.2.3 Where the capacity of trapped sections of pipes 
in wet systems is less than 5 gal (18.9 L), one of the following 
arrangements shall be provided: 


(1) An auxiliary drain shall consist of a nipple and cap or plug 
not less than 4% in. (15 mm) in size. 

(2) An auxiliary drain shall not be required for trapped sec- 
tions less than 5 gal (18.9 L) where the system piping can 
be drained by removing a single pendent sprinkler. 

(3) Where flexible couplings or other easily separated con- 
nections are used, the nipple and cap or plug shall be 
permitted to be omitted. 


8.16.2.5.2.4 Tie-in drains shall not be required on wet pipe 
systems and preaction systems protecting nonfreezing envi- 
ronments. 


8.16.2.5.3 Auxiliary Drains for Dry Pipe Systems and Preac- 
tion Systems. 


8.16.2.5.3.1 Auxiliary drains located in areas subject to freez- 
ing shall be readily accessible. 


8.16.2.5.3.2 Auxiliary drains located in areas maintained at 
freezing temperatures shall be readily accessible and shall con- 
sist of a valve not smaller than 1 in. (25 mm) and a plug ora 
nipple and cap. 


8.16.2.5.3.3 Where the capacity of trapped sections of pipe is 
less than 5 gal (18.9 L), the auxiliary drain shall consist of a 
valve not smaller than 14 in. (15 mm) and a plug or a nipple 
and cap. 


8.16.2.5.3.4 Auxiliary drains are not for pipe drops supplying 
dry-pendent sprinklers installed in accordance with 7.2.2. 


8.16.2.5.3.5* Where the capacity of isolated trapped sections 
of system piping is more than 5 gal (18.9 L), the auxiliary 
drain shall consist of two 1 in. (25 mm) valves and one 2 in. 
x 12 in. (50 mm x 305 mm) condensate nipple or equivalent, 
accessibly located in accordance with Figure 8.16.2.5.3.5, or a 
device listed for this service. 


8.16.2.5.3.6 Tie-in drains shall be provided for multiple adja- 
cent trapped branch pipes and shall be only 1 in. (25 mm). 
Tie-in drain lines shall be pitched a minimum of 4 in. per 10 ft 
(4mm/m). 


8.16.2.5.3.7 Systems with low point drains shall have a sign at 
the dry pipe or preaction valve indicating the number of low 
point drains and the location of each individual drain. 


Posted by Public.Resource.Org. Not affiliated with NFPA 


INSTALLATION REQUIREMENTS 


13-89 


Dry system 
auxiliary 
drain 


1 in. (25 mm) valve 


2 in. x 12 in. (50 mm x 305 mm) 
nipple or equivalent 


1 in. (25 mm) valve 


1 in. (25 mm) nipple and cap or plug 


FIGURE 8.16.2.5.3.5 Dry System Auxiliary Drain. 


8.16.2.6 Discharge of Drain Valves. 


8.16.2.6.1* Direct interconnections shall not be made be- 
tween sprinkler drains and sewers. 


8.16.2.6.2 The drain discharge shall conform to any health or 
water department regulations. 


8.16.2.6.3 Where drain pipes are buried underground, ap- 
proved corrosion-resistant pipe shall be used. 


8.16.2.6.4 Drain pipes shall not terminate in blind spaces un- 
der the building. 


8.16.2.6.5 Where exposed to the atmosphere, drain pipes 
shall be fitted with a turned-down elbow. 


8.16.2.6.6 Drain pipes shall be arranged to avoid exposing 
any part of the sprinkler system to freezing conditions. 


8.16.3 Provision for Flushing Systems. 
8.16.3.1 All sprinkler systems shall be arranged for flushing. 


8.16.3.2 Readily removable fittings shall be provided at the 
end of all cross mains. 


8.16.3.3 All cross mains shall terminate in 1% in. (32 mm) or 
larger pipe. 


8.16.3.4 All branch lines on gridded systems shall be ar- 
ranged to facilitate flushing. 


8.16.4 Protection of Piping. 
8.16.4.1 Protection of Piping Against Freezing. 


8.16.4.1.1 Unless the requirements of 8.16.4.1.2 are met, 
where portions of systems are subject to freezing and tempera- 
tures cannot reliably be maintained at or above 40°F (4°C), 
sprinklers shall be installed as a dry pipe or preaction system. 


8.16.4.1.2 Small unheated areas are permitted to be pro- 
tected by antifreeze systems or by other systems specifically 
listed for this purpose, including but not limited to listed heat 
tracing systems. 


8.16.4.1.3 Where aboveground water-filled supply pipes, risers, 
system risers, or feed mains pass through open areas, cold rooms, 
passageways, or other areas exposed to temperatures below 40°F 
(4°C), the pipe shall be protected against freezing by insulating 
coverings, frostproof casings, listed heat tracing systems, or other 
reliable means capable of maintaining a minimum temperature 


between 40°F (4°C) and 120°F (48.9°C). 


8.16.4.1.4 Where listed heat tracing systems are used, they 
shall be supervised. 


8.16.4.1.5 Where listed heat tracing is utilized for branch 
lines, it shall be specifically listed for use on branch lines. 


8.16.4.2* Protection of Piping Against Corrosion. 


8.16.4.2.1* Where corrosive conditions are known to exist due 
to moisture or fumes from corrosive chemicals or both, special 
types of fittings, pipes, and hangers that resist corrosion shall 
be used, or a protective coating shall be applied to all unpro- 
tected exposed surfaces of the sprinkler system. 


8.16.4.2.2* Where water supplies or environmental conditions 
are known to have unusual corrosive properties, piping shall 
have a corrosion resistance ratio (CRR) of 1 or more, and the 
system shall be treated in accordance with 23.1.5. 


8.16.4.2.3 Where corrosive conditions exist or piping is ex- 
posed to the weather, corrosion-resistant types of pipe, fittings, 
and hangers or protective corrosion-resistant coatings shall be 
used. 


8.16.4.2.4 Where steel pipe is used underground, the pipe 
shall be protected against corrosion. 


8.16.4.3 Protection of Piping in Hazardous Areas. 


8.16.4.3.1 Private service main aboveground piping shall not 
pass through hazardous areas and shall be located so that it is 
protected from mechanical and fire damage. 


8.16.4.3.2 Private service main aboveground piping shall be 
permitted to be located in hazardous areas protected by an 
automatic sprinkler system. 


8.16.5 Protection of Risers Subject to Mechanical Damage. 
Sprinkler risers subject to mechanical damage shall be pro- 
tected by steel posts, concrete barriers, or other approved 
means. 


8.17 System Attachments. 
8.17.1* Sprinkler Alarms/Waterflow Alarms. 


8.17.1.1 Local Waterflow Alarms. A local waterflow alarm 
shall be provided on every sprinkler system having more than 
20 sprinklers. 


8.17.1.2 Retarding Devices. On each alarm check valve used 
under conditions of variable water pressure, a retarding de- 
vice shall be installed. 


8.17.1.3 Alarm Bypass Test Connections. 


8.17.1.3.1 Alarm, dry pipe, preaction, and deluge valves shall 
be fitted with an alarm bypass test connection for an electric 
alarm switch, water motor gong, or both. 


8.17.1.3.2 The alarm bypass test connection for alarm, dry 
pipe, preaction, and deluge valves shall be made on the water 
supply side of the system and provided with a control valve and 


drain for the alarm piping. 
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8.17.1.3.3 The alarm bypass test connection for alarm valves 
at the riser shall be permitted to be made on the system side of 
an alarm valve. 


8.17.1.3.4 A check valve shall be installed between the inter- 
mediate chamber of a dry pipe valve and the waterflow alarm 
device so as to prevent flow from the alarm bypass test connec- 
tion from entering the intermediate chamber of a dry pipe 
valve during an alarm test via the alarm bypass test connection. 


8.17.1.4 Indicating Control Valves. 


8.17.1.4.1 Where a control valve is installed in the connec- 
tion to pressure-type contactors or water motor-operated 
alarm devices, it shall be of the indicating type. 


8.17.1.4.2 Such valves shall be sealed, locked, or electrically 
supervised in the open position. 


8.17.1.5* Attachments — Mechanically Operated. 


8.17.1.5.1 For all types of sprinkler systems employing water 
motor-operated alarms, a listed Y4 in. (20 mm) strainer shall be 
installed at the alarm outlet of the waterflow detecting device. 


8.17.1.5.2 Where a retarding chamber is used in connection 
with an alarm valve, the strainer shall be located at the outlet 
of the retarding chamber unless the retarding chamber is pro- 
vided with an approved integral strainer in its outlet. 


8.17.1.6* Alarm Attachments — High-Rise Buildings. When a 
fire must be fought internally due to the height of a building, 
the following additional alarm apparatus shall be provided: 


(1) Where each sprinkler system on each floor is equipped 
with a separate waterflow device, it shall be connected to 
an alarm system in such a manner that operation of one 
sprinkler will actuate the alarm system, and the location 
of the operated flow device shall be indicated on an an- 
nunciator and/or register. The annunciator or register 
shall be located at grade level at the normal point of fire 
department access, at a constantly attended building secu- 
rity control center, or at both locations. 

(2) Where the location within the protected buildings where 
supervisory or alarm signals are received is not under con- 
stant supervision by qualified personnel in the employ of 
the owner, a connection shall be provided to transmit a 
signal to a remote central station. 

(3) A distinct trouble signal shall be provided to indicate a 
condition that will impair the satisfactory operation of the 
sprinkler system. 


8.17.1.7 Sprinkler Waterflow Alarm for In-Rack Sprinklers. 
See Section C.4. 


8.17.2* Fire Department Connections. 


8.17.2.1* Unless the requirements of 8.17.2.2 are met, a fire 
department connection shall be provided as described in 
8.17.2 in accordance with Figure 8.17.2.1. 


8.17.2.2 The following systems shall not require a fire depart- 
ment connection: 


(1) Buildings located in remote areas that are inaccessible for 
fire department support 

(2) Large-capacity deluge systems exceeding the pumping ca- 
pacity of the fire department 

(3) Single-story buildings not exceeding 2000 ft? (186 m?) in 
area 
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FIGURE 8.17.2.1 Fire Department Connection. 


8.17.2.3* Size. The size of the pipe for the fire department 
connection shall be in accordance with one of the following: 


(1) Pipe size shall be a minimum of 4 in. (100 mm) for fire 
engine connections. 

(2) Pipe size shall be a minimum of 6 in. (150 mm) for fire 
boat connections. 

(3) For hydraulically calculated systems, the fire department 
connection shall be permitted to be less than 4 in. 
(100 mm) and no less than the size of system riser, where 
serving one system riser. 


8.17.2.4* Arrangement. See Figure 8.17.2.1. 


8.17.2.4.1* The fire department connection shall be on the 
system side of the water supply check valve. 


8.17.2.4.1.1 The fire department connection shall not be at- 
tached to branch line piping. 


8.17.2.4.1.2 The fire department connection shall be permit- 
ted to be connected to main piping on the system it serves. 


8.17.2.4.2 For single systems, the fire department connection 
shall be installed as follows: 


(1) Wet system — on the system side of system control, check, 
and alarm valves (see Figure A.8. 16.1.1) 

(2) Dry system — between the system control valve and the 
dry pipe valve 

(3) Preaction system — between the preaction valve and the 
check valve on the system side of the preaction valve 

(4) Deluge system — on the system side of the deluge valve 


8.17.2.4.3 For multiple systems, the fire department connec- 
tion shall be connected between the supply control valves and 
the system control valves. 
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8.17.2.4.4* The requirements of 8.17.2.4.2 and 8.17.2.4.3 shall 
not apply where the fire department connection is connected 
to the underground piping. 


8.17.2.4.5 Where a fire department connection services only 
a portion of a building, a sign shall be attached indicating the 
portions of the building served. 


8.17.2.4.6* Fire department connections shall be located at 
the nearest point of fire department apparatus accessibility or 
at a location approved by the authority having jurisdiction. 


8.17.2.4.7 Signs. 


8.17.2.4.7.1 Each fire department connection to sprinkler 
systems shall be designated by a sign having raised or engraved 
letters at least 1 in. (25.4 mm) in height on plate or fitting 
reading service design — for example, AUTOSPKR., OPEN 
SPKR., AND STANDPIPE. 


8.17.2.4.7.2 Asign shall also indicate the pressure required at 
the inlets to deliver the greatest system demand. 


8.17.2.4.7.3 The sign required in 8.17.2.4.7.2 shall not be re- 
quired where the system demand pressure is less than 150 psi 
(10.3 bar). 


8.17.2.4.8 Fire department connections shall not be con- 
nected on the suction side of fire pumps. 


8.17.2.4.9 Fire department connections shall be properly 
supported. 


8.17.2.5 Valves. 


8.17.2.5.1 A listed check valve shall be installed in each fire 
department connection. 


8.17.2.5.2 There shall be no shutoff valve in the fire depart- 
ment connection piping. 


8.17.2.6 Drainage. The piping between the check valve and 
the outside hose coupling shall be equipped with an approved 
automatic drip in areas subject to freezing. 


8.17.3 Gauges. 


8.17.3.1 A pressure gauge with a connection not smaller than 
Y% in. (6 mm) shall be installed at the system main drain, at 
each main drain associated with a floor control valve, and on 
the inlet and outlet side of each pressure-reducing valve. 


8.17.3.2 Each gauge connection shall be equipped with a 
shutoff valve and provisions for draining. 


8.17.3.3 The required pressure gauges shall be listed and 
shall have a maximum limit not less than twice the normal 
system working pressure at the point where installed. 


8.17.3.4 Gauges shall be installed to permit removal and shall 
be located where they will not be subject to freezing. 


8.17.4 System Connections. 
8.17.4.1* Main Drain Test Connections. 


8.17.4.1.1 Main drain test connections shall be provided at 
locations that will permit flow tests of water supplies and con- 
nections. 


8.17.4.1.2 They shall be so installed that the valve can be 
opened wide for a sufficient time to assure a proper test with- 
out causing water damage. 


8.17.4.1.3 Main drain connections shall be sized in accor- 
dance with 8.16.2.4 and 8.16.2.6. 


8.17.4.2* Wet Pipe Systems. 


8.17.4.2.1 An alarm test connection not less than 1 in. 
(25 mm) in diameter, terminating in a smooth bore corrosion- 
resistant orifice, giving a flow equal to or less than one sprin- 
kler of a type having the smallest orifice installed on the par- 
ticular system, shall be provided to test each waterflow alarm 
device for each system. 


8.17.4.2.2 The test connection valve shall be readily accessible. 


8.17.4.2.3 The discharge shall be to the outside, to a drain con- 
nection capable of accepting full flow under system pressure, or 
to another location where water damage will not result. 


8.17.4.2.4 The alarm test connection shall be permitted to be 
installed in any location on the fire sprinkler system down- 
stream of the waterflow alarm. 


8.17.4.3* Dry Pipe Systems. 


8.17.4.3.1 A trip test connection or manifold not less than 
l in. (25 mm) in diameter, terminating in a smooth bore 
corrosion-resistant orifice, to provide a flow equivalent to one 
sprinkler of a type installed on the particular system, shall be 
installed. 


8.17.4.3.2 The trip test connection or manifold shall be lo- 
cated on the end of the most distant sprinkler pipe in the 
upper story and shall be equipped with a readily accessible 
shutoff valve and a plug not less than | in. (25 mm), of which 
at least one shall be brass. 


8.17.4.3.3 When flow is from four sprinklers, the trip test 
manifold shall be arranged to simulate two sprinklers on each 
of two sprinkler branch lines. 


8.17.4.3.4 In lieu ofa plug, a nipple and cap shall be acceptable. 
8.17.4.4 Preaction Systems. 


8.17.4.4.1 A test connection shall be provided on a preaction 
system using supervisory air. 


8.17.4.4.2 The connection used to control the level of prim- 
ing water shall be considered adequate to test the operation of 
the alarms monitoring the supervisory air pressure. 


8.17.4.4.3 For double interlock preaction systems, a trip test 
connection or manifold not less than 1 in. (25 mm) in diam- 
eter, terminating in a smooth bore corrosion-resistant orifice 
to provide a flow equivalent to one sprinkler of a type installed 
on the particular system, shall be installed. 


8.17.4.4.4 For double interlock preaction systems, the trip 
test connection or manifold shall be located on the end of the 
most distant sprinkler pipe in the upper story and shall be 
equipped with a readily accessible shutoff valve and a plug not 
less than 1 in. (25 mm), of which at least one shall be brass. 


8.17.4.4.5 When flow is from four sprinklers, the trip test 
manifold shall be arranged to simulate two sprinklers on each 
of two sprinkler branch lines. 


8.17.4.5 Deluge Systems. A test connection shall not be re- 
quired on a deluge system. 


8.17.4.6* Backflow Devices. 


8.17.4.6.1* Backflow Prevention Valves. Means shall be pro- 
vided downstream of all backflow prevention valves for flow 
tests at system demand. 
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8.17.4.6.2 Retroactive Installation. When backflow preven- 
tion devices are to be retroactively installed on existing sys- 
tems, a thorough hydraulic analysis, including revised hydrau- 
lic calculations, new fire flow data, and all necessary system 
modifications to accommodate the additional friction loss, 
shall be completed as a part of the installation. 


8.17.5 Hose Connections. 


8.17.5.1 Small (12 in. (38 mm)] Hose Connections. See Sec- 
tion C.5. 


8.17.5.1.1* Where required, small [1% in. (38 mm)] hose con- 
nections shall be installed. Valves shall be available to reach all 
portions of the area with 100 ft (30.5 m) of hose plus 30 ft (9.1 m) 
of hose stream distance. 


8.17.5.1.1.1 Where the building is protected throughout by 
an approved automatic sprinkler system, the presence of 14% 
in. (38 mm) hose lines for use by the building occupants shall 
not be required, subject to the approval of the authority hav- 
ing jurisdiction. 


8.17.5.1.2 The hose connections shall not be required to meet 
the requirements of Class II hose systems defined by NFPA 14, 
Standard for the Installation of Standpipe and Hose Systems. 


8.17.5.1.3 Hose connections shall be supplied from one of 
the following: 


(1) Outside hydrants 

(2) Aseparate piping system for small hose connections 

(3) Valved hose connections on sprinkler risers where such 
connections are made upstream of all sprinkler control 
valves 

(4) Adjacent sprinkler systems 

(5) In rack storage areas, the ceiling sprinkler system in the 
same area (as long as in-rack sprinklers are provided in 
the same area and are separately controlled) 


8.17.5.1.4* Hose connections used for fire purposes only shall 
be permitted to be connected to wet pipe sprinkler systems 
only, subject to the following restrictions: 


(1) Hose connection’s supply pipes shall not be connected to 
any pipe smaller than 214 in. (65 mm) in diameter. 

(2) The requirements of 8.17.5.1.4(1) shall not apply to hy- 
draulically designed loops and grids, where the minimum 
size pipe between the hose connection’s supply pipe and 
the source shall be permitted to be 2 in. (51 mm). 

(3) For piping serving a single hose connection, pipe shall be 
a minimum of 1 in. (25.4 mm) for horizontal runs up to 
20 ft (6.1 m), a minimum of 1% in. (33 mm) for the entire 
run for runs between 20 ft and 80 ft (6.1 m and 24.4 m), 
and a minimum of 1% in. (38 mm) for the entire run for 
runs greater than 80 ft (24.4 m). For piping serving mul- 
tiple hose connections, runs shall be a minimum of 114 in. 
(38 mm) throughout. 

(4) Piping shall be at least 1 in. (25 mm) for vertical runs. 

(5) Where the residual pressure ata 114 in. (38 mm) outlet on 
a hose connection exceeds 100 psi (6.9 bar), an approved 
pressure-regulating device shall be provided to limit the 
residual pressure at the outlet to 100 psi (6.9 bar). 

(6) Where the static pressure at a 1/2 in. (38 mm) hose con- 
nection exceeds 175 psi (12.1 bar), an approved pressure- 
regulating device shall be provided to limit static and re- 
sidual pressures at the outlet to 100 psi (6.9 bar). 
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8.17.5.2 Hose Connections for Fire Department Use. 


8.17.5.2.1 In buildings of light or ordinary hazard occupancy, 
216 in. (64 mm) hose valves for fire department use shall be 
permitted to be attached to wet pipe sprinkler system risers. 


8.17.5.2.2” The following restrictions shall apply: 


(1) Each connection from a standpipe that is part of a com- 
bined system to a sprinkler system shall have an individual 
control valve and check valve of the same size as the con- 
nection. 

(2) The minimum size of the riser shall be 4 in. (102 mm) 
unless hydraulic calculations indicate that a smaller size 
riser will satisfy sprinkler and hose stream allowances. 

(3) Each combined sprinkler and standpipe riser shall be 
equipped with a riser control valve to permit isolating a 
riser without interrupting the supply to other risers from 
the same source of supply. (For fire department connections 
serving standpipe and sprinkler systems, refer to Section 6.8.) 


Chapter 9 Hanging, Bracing, and Restraint of System 
Piping 


9.1 Hangers. 


9.1.1* General. 


9.1.1.1 Unless the requirements of 9.1.1.2 are met, types of 
hangers shall be in accordance with the requirements of Sec- 
tion 9.1. 


9.1.1.2 Hangers certified by a registered professional engi- 
neer to include all of the following shall be an acceptable al- 
ternative to the requirements of Section 9.1: 


(1) Hangers shall be designed to support five times the 
weight of the water-filled pipe plus 250 lb (114 kg) at each 
point of piping support. 

(2) These points of support shall be adequate to support the 
system. 

(3) The spacing between hangers shall not exceed the value 
given for the type of pipe as indicated in Table 9.2.2.1 (a) 
or Table 9.2.2.1 (b). 

(4) Hanger components shall be ferrous. 

(5) Detailed calculations shall be submitted, when required 
by the reviewing authority, showing stresses developed in 
hangers, piping, and fittings and safety factors allowed. 


9.1.1.3 Where water-based fire protection systems are re- 
quired to be protected against damage from earthquakes, 
hangers shall also meet the requirements of 9.3.7. 


9.1.1.4 Listing. 


9.1.1.4.1 Unless permitted by 9.1.1.4.2 or 9.1.1.4.3, the com- 
ponents of hanger assemblies that directly attach to the pipe 
or to the building structure shall be listed. 


9.1.1.4.2* Mild steel hangers formed from rods shall be per- 
mitted to be not listed. 


9.1.1.4.3* Fasteners as specified in 9.1.3, 9.1.4, and 9.1.5 shall 
be permitted to be not listed. 


9.1.1.4.4 Other fasteners shall be permitted as part of a 
hanger assembly that has been tested, listed, and installed in 
accordance with the listing requirements. 
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9.1.1.5 Component Material. exceed the available section modulus of the trapeze member 
9.1.1.5.1 Unless permitted by 9.1.1.5.2 or 9.1.1.5.3, hangers on TapE END 


and their components shall be ferrous. 9.1.1.6.2 Any other sizes or shapes giving equal or greater 


9.1.1.5.2 Nonferrous components that have been proven by nb aa ba 


fire tests to be adeguate for the hazard application, that are 9.1.1.6.3 All angles shall be installed with the longer leg vertical. 
listed for this purpose, and that are in compliance with the 


other requirements of this section shall be acceptable. 9.1.1.6.4 The trapeze member shall be secured to prevent 


slippage. 
9.1.1.6.5* All components of each hanger assembly that attach 


to a trapeze member shall conform to 9.1.1.4 and be sized to 
support the suspended sprinkler pipe. 


9.1.1.5.3 Holes through solid structural members shall be 
permitted to serve as hangers for the support of system piping 
provided such holes are permitted by applicable building 
codes and the spacing and support provisions for hangers of 
this standard are satisfied. 9.1.1.6.6 The ring, strap, or clevis installed on a pipe trapeze 
shall be manufactured to fit the pipe size of the trapeze member. 


9.1.1.6.7 Holes for bolts shall not exceed Me in. (1.6 mm) 
greater than the diameter of the bolt. 


9.1.1.6* Trapeze Hangers. 


9.1.1.6.1 For trapeze hangers, the minimum size of steel 
angle or pipe span between purlins or joists shall be such that 
the section modulus required in Table 9.1.1.6.1(a) does not 9.1.1.6.8 Bolts shall be provided with a flat washer and nut. 


Table 9.1.1.6.1(a) Section Modulus Required for Trapeze Members (in.”) 


Nominal Diameter of Pipe Being Supported 
lin. 14in. 1%2in. 2in. 2%in. 3in. 3% in. 4in. 5 in. 6 in. 8 in. 10 in. 
Span of 
Trapeze 25mm 32mm 40mm 50mm 65mm 80mm 90mm 100mm 125mm 150mm 200mm 250mm 

1 ft 6 in. 0.08 0.09 0.09 0.09 0.10 0.11 0.12 0.13 0.15 0.18 0.24 0.32 
(0.46 m) 0.08 0.09 0.09 0.10 0.11 0.12 0.13 0.15 0.18 0.22 0.30 0.41 
2 ft 0 in. 0.11 0.12 0.12 0.13 0.13 0.15 0.16 0.17 0.20 0.24 0.32 0.43 
(0.61 m) 0.11 0.12 0.12 0.13 0.15 0.16 0.18 0.20 0.24 0.29 0.40 0.55 
2 ft 6 in. 0.14 0.14 0.15 0.16 0.17 0.18 0.20 0.21 0.25 0.30 0.40 0.54 
(0.76 m) 0.14 0.15 0.15 0.16 0.18 0.21 0.22 0.25 0.30 0.36 0.50 0.68 
3 ft 0 in. 0.17 0.17 0.18 0.19 0.20 0.22 0.24 0.26 0.31 0.36 0.48 0.65 
(0.91 m) 0.17 0.18 0.18 0.20 0.22 0.25 0.27 0.30 0.36 0.43 0.60 0.82 
4 ft 0 in. 0.22 0.23 0.24 0.25 0.27 0.29 0.32 0.34 0.41 0.48 0.64 0.87 
(1.2 m) 0.22 0.24 0.24 0.26 0.29 0.33 0.36 0.40 0.48 0.58 0.80 1.09 
5 ft 0 in. 0.28 0.29 0.30 0.31 0.34 0.37 0.40 0.43 0.51 0.59 0.80 1.08 
(1.5 m) 0.28 0.29 0.30 0.33 0.37 0.41 0.45 0.49 0.60 0.72 1.00 1.37 
6 ft 0 in. 0.33 0.35 0.36 0.38 0.41 0.44 0.48 0.51 0.61 0.71 0.97 1.30 
(1.8 m) 0.34 0.35 0.36 0.39 0.44 0.49 0.54 0.59 0.72 0.87 1.20 1.64 
7 ft 0 in. 0.39 0.40 0.41 0.44 0.47 0.52 0.55 0.60 0.71 0.83 1.13 1.52 
(2.1 m) 0.39 0.41 0.43 0.46 0.51 0.58 0.63 0.69 0.84 1.01 1.41 1.92 
8 ft 0 in. 0.44 0.46 0.47 0.50 0.54 0.59 0.63 0.68 0.81 0.95 1.29 1.73 
(2.4 m) 0.45 0.47 0.49 0.52 0.59 0.66 0.72 0.79 0.96 1.16 1.61 2.19 
9 ft 0 in. 0.50 0.52 0.53 0.56 0.61 0.66 0.71 0.77 0.92 1.07 1.45 1.95 
(2.7 m) 0.50 0.53 0.55 0.59 0.66 0.74 0.81 0.89 1.08 1.30 1.81 2.46 
10 ft 0 in. 0.56 0.58 0.59 0.63 0.68 0.74 0.79 0.85 1.02 1.19 1.61 2.17 
(3.0 m) 0.56 0.59 0.61 0.65 0.74 0.82 0.90 0.99 1.20 1.44 2.01 2.74 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Notes: 
(1) Top values are for Schedule 10 pipe; bottom values are for Schedule 40 pipe. 


(2) The table is based on a maximum allowable bending stress of 15 ksi and a midspan concentrated load 
from 15 ft (4.6 m) of water-filled pipe, plus 250 Ib (114 kg). 
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Table 9.1.1.6.1(b) Available Section Modulus of Common 
Trapeze Hangers (in.”) 


Pipe 
Modulus 
in. mm (in.?) Angles (in.) | Modulus (in.?) 
Schedule 10 
1 25 0.12 19 x 116 x 6 0.10 
11⁄4 32 0.19 2x2x 13 0.13 
1% 40 0.26 2x16 x He 0.18 
2 50 0.42 2x2x He 0.19 
2% 65 0.69 2x2 x Ya 0.25 
3 80 1.04 26 x 1⁄2 x 16 0.28 
3% 90 1.38 2% x 2 x 16 0.29 
4 100 1.76 2x2x He 0.30 
5 125 3.03 2% x 2% x 16 0.30 
6 150 4.35 2x2x 0.35 
2x 2Y6 x Va 0.39 
3x2x He 0.41 
Schedule 40 3x 216 x Veo 0.43 
1 25 0.13 3x3x Yis 0.44 
11⁄4 32 0.23 2⁄2 x 26 x Veo 0.48 
1% 40 0.33 3x2xY 0.54 
2 50 0.56 26 x 2 x% 0.55 
29 65 1.06 2x 26 x Y% 0.57 
3 80 1.72 3x3x 4 0.58 
3% 90 2.39 3x3x Ne 0.71 
4 100 3.21 2x 2x le 0.72 
5 125 5.45 BY x 2Y6 x Va 0.75 
6 150 8.50 3 x 26 x% 0.81 
3x3x% 0.83 
3Y% x 2x Heo 0.93 
3x3x Ms 0.95 
4x4x 1.05 
3x3xh 1.07 
4x3x Mis 1.23 
4.x 4x 6 1.29 
4x3 x% 1.46 
4x4 x Yg 1.52 
5x 316 x 6 1.94 
4x4x 1.97 
4x4x 38 2.40 
4x4x% 2.81 
6x4x 38 3.32 
6x4x V9 4.33 
6x4x% 6.25 
6x6x1 8.57 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 


9.1.1.7* Support of Non-System Components. Sprinkler pip- 
ing or hangers shall not be used to support non-system com- 
ponents. 


9.1.2 Hanger Rods. 


9.1.2.1 Unless the requirements of 9.1.2.2 are met, hanger 
rod size shall be the same as that approved for use with the 
hanger assembly, and the size of rods shall not be less than that 
given in Table 9.1.2.1. 


9.1.2.2 Rods of smaller diameters than indicated in 
Table 9.1.2.1 shall be permitted where the hanger assembly 
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Table 9.1.2.1 Hanger Rod Sizes 


Pipe Size Diameter of Rod 
in. mm in. mm 
Up to and 100 38 9.5 
including 4 
5 125 Yo 12.7 
6 150 
8 200 
10 250 A 15.9 
12 300 


has been tested and listed by a testing laboratory and installed 
within the limits of pipe sizes expressed in individual listings. 


9.1.2.3 Where the pitch of the branch line is 6 in 12 or 
greater, a reduction in the lateral loading on branch line 
hanger rods shall be done by one of the following: 


(1)*A second hanger installed in addition to the required 
main hangers 

(2) Lateral sway brace assemblies on the mains 

(3) Branch line hangers utilizing an articulating structural at- 
tachment 

(4) Equivalent means providing support to the branch line 
hanger rods 


9.1.2.4 U-Hooks. The size of the rod material of U-hooks shall 
not be less than that given in Table 9.1.2.4. 


Table 9.1.2.4 U-Hook Rod Sizes 


Pipe Size Hook Material Diameter 
in. mm in. mm 
Up to and 50 Ao 19 
including 2 
2% to 6 65 to 150 Ys 9.5 
8 200 yg 12.7 


9.1.2.5 Eye Rods. 


9.1.2.5.1 The size of the rod material for eye rods shall not be 
less than specified in Table 9.1.2.5.1. 


9.1.2.5.2 Eye rods shall be secured with lock washers to pre- 
vent lateral motion. 


9.1.2.5.3 Where eye rods are fastened to wood structural 
members, the eye rod shall be backed with a large flat washer 
bearing directly against the structural member, in addition to 
the lock washer. 


9.1.2.6 Threaded Sections of Rods. Threaded sections of rods 
shall not be formed or bent. 
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Table 9.1.2.5.1 Eye Rod Sizes 


Diameter of Rod 
Pipe Size With Bent Eye With Welded Eye 
in. mm in. mm in. mm 
Up to and 100 % 9.5 % 9.5 
including 4 
5 125 Yg 12.7 % 12.7 
6 150 w% 12.7 KA 12.7 
8 200 Ya 19.1 Yg 12.7 


9.1.3 Fasteners in Concrete. 


9.1.3.1 Unless prohibited by 9.1.3.2 or 9.1.3.3, the use of listed 
inserts set in concrete and listed post-installed anchors to support 
hangers shall be permitted for mains and branch lines. 


9.1.3.2 Post-installed anchors shall not be used in cinder con- 
crete, except for branch lines where the post-installed anchors 
are alternated with through-bolts or hangers attached to beams. 


9.1.3.3 Post-installed anchors shall not be used in ceilings of 
gypsum or other similar soft material. 


9.1.3.4 Unless the requirements of 9.1.3.5 are met, post- 
installed anchors shall be installed in a horizontal position in 
the sides of concrete beams. 


9.1.3.5 Post-installed anchors shall be permitted to be installed 
in the vertical position under any of the following conditions: 


(1) When used in concrete having gravel or crushed stone ag- 
gregate to support pipes 4 in. (100 mm) or less in diameter 

(2) When post-installed anchors are alternated with hangers 
connected directly to the structural members, such as 
trusses and girders, or to the sides of concrete beams [to 
support pipe 5 in. (125 mm) or larger] 

(3) When post-installed anchors are spaced not over 10 ft (3 m) 
apart [to support pipe 4 in. (100 mm) or larger] 


9.1.3.6 Holes for post-installed anchors in the side of beams 
shall be above the centerline of the beam or above the bottom 
reinforcement steel rods. 


9.1.3.7 Holes for post-installed anchors used in the vertical 
position shall be drilled to provide uniform contact with the 
shield over its entire circumference. 


9.1.3.8 The depth of the post-installed anchor hole shall not 
be less than specified for the type of shield used. 


9.1.3.9 Powder-Driven Studs. 


9.1.3.9.1 Powder-driven studs, welding studs, and the tools 
used for installing these devices shall be listed. 


9.1.3.9.2 Pipe size, installation position, and construction 
material into which they are installed shall be in accordance 
with individual listings. 


9.1.3.9.3* Representative samples of concrete into which studs 
are to be driven shall be tested to determine that the studs will 
hold a minimum load of 750 Ib (341 kg) for 2 in. (50 mm) or 
smaller pipe; 1000 Ib (454 kg) for 24% in., 3 in., or 3% in. 
(65 mm, 80 mm, or 90 mm) pipe; and 1200 lb (545 kg) for 
4 in. or 5 in. (100 mm or 125 mm) pipe. 


9.1.3.9.4 Increaser couplings shall be attached directly to the 
powder-driven studs. 


9.1.3.10 Minimum Bolt Size for Concrete. 


9.1.3.10.1 The size of a bolt used with a hanger and in- 
stalled through concrete shall not be less than specified in 
Table 9.1.3.10.1. 


Table 9.1.3.10.1 Minimum Bolt Size for Concrete 


Pipe Size Size of Bolt 
in. mm in. mm 
Up to and 100 % 10 
including 4 
5 125 KA 13 
6 150 
8 200 
10 250 % 15 
12 300 4 20 


9.1.3.10.2 Holes for bolts shall not exceed ie in. (1.6 mm) 
greater than the diameter of the bolt. 


9.1.3.10.3 Bolts shall be provided with a flat washer and nut. 
9.1.4 Fasteners in Steel. 


9.1.4.1* Powder-driven studs, welding studs, and the tools 
used for installing these devices shall be listed. 


9.1.4.2 Pipe size, installation position, and construction ma- 
terial into which they are installed shall be in accordance with 
individual listings. 


9.1.4.3 Increaser couplings shall be attached directly to the 
powder-driven studs or welding studs. 


9.1.4.4 Welding studs or other hanger parts shall not be at- 
tached by welding to steel less than U.S. Standard, 12 gauge 
(2.78 mm). 


9.1.4.5 Minimum Bolt Size for Steel. 


9.1.4.5.1 The size of a bolt used with a hanger and installed 
through steel shall not be less than specified in Table 9.1.4.5.1. 


9.1.4.5.2 Holes for bolts shall not exceed Me in. (1.6 mm) 
greater than the diameter of the bolt. 


9.1.4.5.3 Bolts shall be provided with a flat washer and nut. 
9.1.5 Fasteners in Wood. 
9.1.5.1 Drive Screws. 


9.1.5.1.1 Drive screws shall be used only in a horizontal posi- 
tion as in the side of a beam and only for 2 in. (50 mm) or 
smaller pipe. 


9.1.5.1.2 Drive screws shall only be used in conjunction with 
hangers that require two points of attachments. 
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Table 9.1.4.5.1 Minimum Bolt Size for Steel 


Pipe Size Size of Bolt 
in. mm in. mm 
Up to and 100 18 10 
including 4 
5 125 Yg 12 
6 150 
8 200 
10 250 R 15 
12 300 Ya 20 


9.1.5.2 Ceiling Flanges and U-Hooks with Screws. 


9.1.5.2.1 Unless the requirements of 9.1.5.2.2 or 9.1.5.2.3 are 
met, for ceiling flanges and U-hooks, screw dimensions shall 
not be less than those given in Table 9.1.5.2.1. 


9.1.5.2.2 When the thickness of planking and thickness of 
flange do not permit the use of screws 2 in. (50 mm) long, 
screws 1% in. (45 mm) long shall be permitted with hangers 
spaced not over 10 ft (3 m) apart. 


9.1.5.2.3 When the thickness of beams or joists does not per- 
mit the use of screws 24% in. (60 mm) long, screws 2 in. 
(50 mm) long shall be permitted with hangers spaced not over 
10 ft (3 m) apart. 


9.1.5.3 Bolt or Lag Screw. 


9.1.5.3.1 Unless the requirements of 9.1.5.3.2 are met, the size 
of bolt or lag screw used with a hanger and installed on the side of 
the beam shall not be less than specified in Table 9.1.5.3.1. 


9.1.5.3.2 Where the thickness of beams or joists does not per- 
mit the use of screws 2% in. (64 mm) long, screws 2 in. 
(50 mm) long shall be permitted with hangers spaced not over 
10 ft (3 m) apart. 


9.1.5.3.3 All holes for lag screws shall be pre-drilled W4 in. 
(3.2 mm) less in diameter than the maximum root diameter 
of the lag screw thread. 


9.1.5.3.4 Holes for bolts shall not exceed Me in. (1.6 mm) 
greater than the diameter of the bolt. 


9.1.5.3.5 Bolts shall be provided with a flat washer and nut. 


9.1.5.4 Wood Screws. Wood screws shall be installed with a 
screwdriver. 


9.1.5.5 Nails. Nails shall not be acceptable for fastening 
hangers. 


9.1.5.6 Screws in Side of Timber or Joists. 


9.1.5.6.1 Screws in the side of a timber or joist shall be not 
less than 24% in. (64 mm) from the lower edge where support- 
ing branch lines and not less than 3 in. (76 mm) where sup- 
porting main lines. 


9.1.5.6.2 The requirements of 9.1.5.6.1 shall not apply to 2 in. 
(51 mm) or thicker nailing strips resting on top of steel beams. 
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Table 9.1.5.2.1 Screw Dimensions for Ceiling Flanges and 
U-Hooks 


Pipe Size 
in. mm Two Screw Ceiling Flanges 
Up to and 50 Wood screw No. 18 x 1% in. 
including 2 or 
Lag screw %6 in. x 14% in. 
Three Screw Ceiling Flanges 
Up to and 50 Wood screw No. 18 x 1% in. 
including 2 
2% 65 Lag screw % in. x 2 in. 
3 80 
3% 90 
4 100 Lag screw Yg in. x 2 in. 
5 125 
6 150 
8 200 Lag screw % in. x 2 in. 
Four Screw Ceiling Flanges 
Up to and 50 Wood screw No. 18 x 1% in. 
including 2 
2% 65 Lag screw % in. x 1% in. 
3 80 
3% 90 
4 100 Lag screw Ye in. x 2 in. 
5 125 
6 150 
8 200 Lag screw % in. x 2 in. 
U-Hooks 
Up to and 50 Drive screw No. 16 x 2 in. 
including 2 
2% 65 Lag screw % in. x 24% in. 
3 80 
3% 90 
4 100 Lag screw % in. x 3 in. 
5 125 
6 150 
8 200 Lag screw % in. x 3 in. 


9.1.5.7 Coach Screw Rods. 


9.1.5.7.1 Minimum Coach Screw Rod Size. The size of coach 
screw rods shall not be less than the requirements of 
Table 9.1.5.7.1. 


9.1.5.7.2 The minimum plank thickness and the minimum 
width of the lower face of beams or joists in which coach screw 
rods are used shall be not less than that specified in Table 
9.1.5.7.2. 
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Table 9.1.5.3.1 Minimum Bolt or Lag Screw Sizes for Side of 
Beam Installation 


Length of Lag 
Screw Used 
Size of Bolt or| with Wood 
Pipe Size Lag Screw Beams 
in. mm in. mm in. mm 
Up to and 50 % 10 2% 64 
including 2 
2% to 6 65 to 150 % 12 3 76 
(inclusive) 
8 200 % 15 3 76 


Table 9.1.5.7.1 Minimum Coach Screw Rod Size 


Minimum 
Pipe Size Diameter of Rod Penetration 
in. mm in. mm in. mm 
Up to and 100 % 10 3 76 
including 4 
Larger than 4 100 NP NP NP NP 


NP: Not permitted. 


Table 9.1.5.7.2 Minimum Plank Thicknesses and Beam or 
Joist Widths 


Nominal 
Nominal Width of 
Plank Beam or 
Pipe Size Thickness Joist Face 
in. mm in. mm in. mm 
Up to and 50 3 76 2 51 
including 2 
2% 65 4 102 2 51 
3 80 
3% 90 
4 100 4 102 3 76 


9.1.5.7.3 Coach screw rods shall not be used for support of 
pipes larger than 4 in. (100 mm) in diameter. 


9.1.5.7.4 All holes for coach screw rods shall be predrilled 
Yin. (3.2 mm) less in diameter than the maximum root diam- 
eter of the wood screw thread. 


9.2* Installation of Pipe Hangers. 
9.2.1 General. 
9.2.1.1 Ceiling Sheathing. 


9.2.1.1.1* Unless the requirements of 9.2.1.1.2 are met, sprin- 
kler piping shall be supported independently of the ceiling 
sheathing. 


9.2.1.1.2 Toggle hangers shall be permitted only for the sup- 
port of pipe 1% in. (40 mm) or smaller in size under ceilings 
of hollow tile or metal lath and plaster. 


9.2.1.2 Storage Racks. Where sprinkler piping is installed in 
storage racks, piping shall be supported from the storage rack 
structure or building in accordance with all applicable provi- 
sions of Sections 9.2 and 9.3. 


9.2.1.3* Building Structure. 


9.2.1.3.1 Unless the requirements of 9.2.1.3.3 apply, sprin- 
kler piping shall be substantially supported from the building 
structure, which must support the added load of the water- 
filled pipe plus a minimum of 250 Ib (114 kg) applied at the 
point of hanging, except where permitted by 9.2.1.1.2, 
9.2.1.3.3, and 9.2.1.4.1. 


9.2.1.3.2 Trapeze hangers shall be used where necessary to 
transfer loads to appropriate structural members. 


9.2.1.3.3* Flexible Sprinkler Hose Fittings. 


9.2.1.3.3.1 Listed flexible sprinkler hose fittings and their an- 
choring components intended for use in installations con- 
necting the sprinkler system piping to sprinklers shall be in- 
stalled in accordance with the requirements of the listing, 
including any installation instructions. 


9.2.1.3.3.2 When installed and supported by suspended ceil- 
ings, the ceiling shall meet ASTM C 635, Standard Specification for 
the Manufacture, Performance, and Testing of Metal Suspension Systems 
for Acoustical Tile and Lay-In Panel Ceilings, and shall be installed in 
accordance with ASTM C 636, Standard Practice for Installation of 
Metal Ceiling Suspension Systems for Acoustical Tile and Lay-In Panels. 


9.2.1.3.3.3* Where flexible sprinkler hose fittings exceed 6 ft 
(1.83 m) in length and are supported by a suspended ceiling 
in accordance with 9.2.1.3.3.2, a hanger(s) attached to the 
structure shall be required to ensure that the maximum un- 
supported length does not exceed 6 ft (1.83 m). 


9.2.1.3.3.4* Where flexible sprinkler hose fittings are used to 
connect sprinklers to branch lines in suspended ceilings, a 
label limiting relocation of the sprinkler shall be provided on 
the anchoring component. 


9.2.1.4 Metal Deck. 


9.2.1.4.1* Branch line hangers attached to metal deck shall be 
permitted only for the support of pipe 1 in. (25 mm) or 
smaller in size, by drilling or punching the vertical portion of 
the metal deck and using through bolts. 


9.2.1.4.2 The distance from the bottom of the bolt hole to 
the bottom of the vertical member shall be not less than 3% in. 
(9.5 mm). 


9.2.1.5 Where sprinkler piping is installed below ductwork, 
piping shall be supported from the building structure or from 
the ductwork supports, provided such supports are capable of 
handling both the load of the ductwork and the load specified 


in 9.2.1.3.1. 
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9.2.2* Maximum Distance Between Hangers. 


9.2.2.1 The maximum distance between hangers shall not 
exceed that specified in Table 9.2.2.1(a) or Table 9.2.2.1 (b), 
except where the provisions of 9.2.4 apply. 


9.2.2.2 The maximum distance between hangers for listed 
nonmetallic pipe shall be modified as specified in the indi- 
vidual product listings. 


9.2.3 Location of Hangers on Branch Lines. 


9.2.3.1 Subsection 9.2.3 shall apply to the support of steel 
pipe or copper tube as specified in 6.3.1 and subject to the 
provisions of 9.2.2. 


9.2.3.2* Minimum Number of Hangers. 


9.2.3.2.1 Unless the requirements of 9.2.3.2.2 or 9.2.3.2.3 are 
met, there shall be not less than one hanger for each section 
of pipe. 

9.2.3.2.2* Where sprinklers are spaced less than 6 ft (1.8 m) 
apart, hangers spaced up to a maximum of 12 ft (3.7 m) shall 
be permitted. 


9.2.3.2.3* Starter lengths less than 6 ft (1.8 m) shall not 
require a hanger, unless on the end line of a sidefeed sys- 
tem or where an intermediate cross main hanger has been 
omitted. 


9.2.3.3 Clearance to Hangers. The distance between a hanger 
and the centerline of an upright sprinkler shall not be less 
than 3 in. (76 mm). 


9.2.3.4* Unsupported Lengths. 


9.2.3.4.1 The unsupported horizontal length between the 
end sprinkler and the last hanger on the line shall not be 


Table 9.2.2.1(a) Maximum Distance Between Hangers (ft-in.) 


greater than 36 in. (0.9 m) for 1 in. (25 mm) pipe, 48 in. 
(1.2 m) for 1% in. (32 mm) pipe, and 60 in. (1.5 m) for 1% in. 
(40 mm) or larger pipe. 


9.2.3.4.2 For copper tube, the unsupported horizontal 
length between the end sprinkler and the last hanger on the 
line shall not be greater than 18 in. (457 mm) for 1 in. 
(25 mm) pipe, 24 in. (610 mm) for 1% in. (32 mm) pipe, and 
30 in. (762 mm) for 14 in. (40 mm) or larger pipe. 


9.2.3.4.3 Where the limits of 9.2.3.4.1 and 9.2.3.4.2 are ex- 
ceeded, the pipe shall be extended beyond the end sprinkler 
and shall be supported by an additional hanger. 


9.2.3.4.4* Unsupported Length with Maximum Pressure Ex- 
ceeding 100 psi (6.9 bar) and a Branch Line Above a Ceiling 
Supplying Sprinklers in a Pendent Position Below the Ceiling. 


9.2.3.4.4.1 Where the maximum static or flowing pressure, 
whichever is greater at the sprinkler, applied other than through 
the fire department connection, exceeds 100 psi (6.9 bar) and a 
branch line above a ceiling supplies sprinklers in a pendent posi- 
tion below the ceiling, the hanger assembly supporting the pipe 
supplying an end sprinkler in a pendent position shall be of a 
type that prevents upward movement of the pipe. 


9.2.3.4.4.2 The unsupported length between the end sprin- 
kler in a pendent position or drop nipple and the last hanger 
on the branch line shall not be greater than 12 in. (305 mm) 
for steel pipe or 6 in. (152 mm) for copper pipe. 


9.2.3.4.4.3 When the limit of 9.2.3.4.4.2 is exceeded, the pipe 
shall be extended beyond the end sprinkler and supported by 
an additional hanger. 

9.2.3.4.4.4 The hanger closest to the sprinkler shall be of a 
type that prevents upward movement of the pipe. 


Nominal Pipe Size (in.) 


Ya 1 1% 1% 2 24% 3 34% 4 5 6 8 

Steel pipe except threaded N/A 12-0 12-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 

lightwall 
Threaded lightwall steel N/A 12-0 12-0 12-0 12-0 12-0 12-0 N/A N/A N/A N/A N/A 

pipe 
Copper tube 8-0 8-0 10-0 10-0 12-0 12-0 12-0 15-0 15-0 15-0 15-0 15-0 
CPVC 5-6 6-0 6-6 7-0 8-0 9-0 10-0 N/A N/A N/A N/A N/A 
Ductile iron pipe N/A N/A N/A N/A N/A N/A 150 N/A 15-0 N/A 15-0 15-0 
Table 9.2.2.1(b) Maximum Distance Between Hangers (m-mm) 

Nominal Pipe Size (m) 
20 25 32 40 50 65 80 90 100 125 150 200 

Steel pipe except threaded N/A 3.66 3.66 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

lightwall 
Threaded lightwall steel N/A 3.66 3.66 3.66 3.66 3.66 3.66 N/A N/A N/A N/A N/A 

pipe 
Copper tube 2.44 244 3.05 3.05 3.66 3.66 3.66 4.57 4.57 4.57 4.57 4.57 
CPVC 1.68 1.83 1.98 2.13 244 2.74 3.05 N/A N/A N/A N/A N/A 
Ductile iron pipe N/A N/A N/A N/A N/A N/A 4.57 N/A 4.57 N/A 4.57 4.57 
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9.2.3.5* Unsupported Armover Length. 


9.2.3.5.1 The cumulative horizontal length of an unsup- 
ported armover to a sprinkler, sprinkler drop, or sprig shall 
not exceed 24 in. (610 mm) for steel pipe or 12 in. (305 mm) 
for copper tube. 


9.2.3.5.2* Unsupported Armover Length with Maximum Pres- 
sure Exceeding 100 psi (6.9 bar) and a Branch Line Above a Ceil- 
ing Supplying Sprinklers in a Pendent Position Below the Ceiling. 


9.2.3.5.2.1 Where the maximum static or flowing pressure, 
whichever is greater at the sprinkler, applied other than through 
the fire department connection, exceeds 100 psi (6.9 bar) anda 
branch line above a ceiling supplies sprinklers in a pendent posi- 
tion below the ceiling, the cumulative horizontal length of an 
unsupported armover to a sprinkler or sprinkler drop shall not 
exceed 12 in. (305 mm) for steel pipe and 6 in. (152 mm) for 
copper tube. 


9.2.3.5.2.2 The hanger closest to the sprinkler shall be of a 
type that prevents upward movement of the pipe. 


9.2.3.6* Wall-mounted sidewall sprinklers shall be restrained 
to prevent movement. 


9.2.3.7 Sprigs. Sprigs 4 ft (1.2 m) or longer shall be restrained 
against lateral movement. 


9.2.4 Location of Hangers on Mains. 


9.2.4.1 Unless the requirements of 9.2.4.2, 9.2.4.3, 9.2.4.4, or 
9.2.4.5 are met, hangers for mains shall be in accordance with 
9.2.2, between each branch line, or on each section of pipe, 
whichever is the lesser dimension. 


9.2.4.2 For cross mains in steel pipe systems in bays having 
two branch lines, the intermediate hanger shall be permitted 
to be omitted, provided that a hanger attached to a purlin is 
installed on each branch line located as near to the cross main 
as the location of the purlin permits. 


9.2.4.2.1 The remaining branch line hangers shall be in- 
stalled in accordance with 9.2.3. 


9.2.4.3 For cross mains in steel pipe systems only in bays hav- 
ing three branch lines, either side or center feed, one (only) 
intermediate hanger shall be permitted to be omitted, pro- 
vided that a hanger attached to a purlin is installed on each 
branch line located as near to the cross main as the location of 
the purlin permits. 


9.2.4.3.1 The remaining branch line hangers shall be in- 
stalled in accordance with 9.2.3. 


9.2.4.4 For cross mains in steel pipe systems only in bays hav- 
ing four or more branch lines, either side or center feed, two 
intermediate hangers shall be permitted to be omitted, pro- 
vided the maximum distance between hangers does not ex- 
ceed the distances specified in 9.2.2 and a hanger attached to 
a purlin on each branch line is located as near to the cross 
main as the purlin permits. 


9.2.4.5 At the end of the main, intermediate trapeze hangers 
shall be installed unless the main is extended to the next fram- 
ing member with a hanger installed at this point, in which 
event an intermediate hanger shall be permitted to be omitted 
in accordance with 9.2.4.2, 9.2.4.3, and 9.2.4.4. 


9.2.5 Support of Risers. 


9.2.5.1 Risers shall be supported by riser clamps or by hangers 
located on the horizontal connections within 24 in. (610 mm) of 
the centerline of the riser. 


9.2.5.2 Riser clamps supporting risers by means of set screws 
shall not be used. 


9.2.5.3“ Riser clamps anchored to walls using hanger rods in 
the horizontal position shall not be permitted to vertically sup- 
port risers. 


9.2.5.4 Multistory Buildings. 


9.2.5.4.1 In multistory buildings, riser supports shall be pro- 
vided at the lowest level, at each alternate level above, above 
and below offsets, and at the top of the riser. 


9.2.5.4.2* Supports above the lowest level shall also restrain 
the pipe to prevent movement by an upward thrust where flex- 
ible fittings are used. 


9.2.5.4.3 Where risers are supported from the ground, the 
ground support shall constitute the first level of riser support. 


9.2.5.4.4 Where risers are offset or do not rise from the 
ground, the first ceiling level above the offset shall constitute 
the first level of riser support. 


9.2.5.5 Distance between supports for risers shall not exceed 
25 ft (7.6 m). 


9.2.6* Pipe Stands. 


9.2.6.1 Pipe stands shall be sized to support a minimum of 
5 times the weight of the water-filled pipe, plus 250 Ib (114 kg). 


9.2.6.2 Where pipe stands are utilized, they shall be approved. 


9.3 Protection of Piping Against Damage Where Subject to 
Earthquakes. 


9.3.1* General. 


9.3.1.1 Where water-based fire protection systems are re- 
quired to be protected against damage from earthquakes, the 
requirements of Section 9.3 shall apply, unless the require- 
ments of 9.3.1.2 are met. 


9.3.1.2 Alternative methods of providing earthquake protec- 
tion of sprinkler systems based on a seismic analysis certified 
by a registered professional engineer such that system perfor- 
mance will be at least equal to that of the building structure 
under expected seismic forces shall be permitted. 


9.3.1.3 Obstructions to Sprinklers. Braces and restraints shall 
not obstruct sprinklers and shall comply with the obstruction 
rules of Chapter 8. 


9.3.2* Couplings. 


9.3.2.1 Listed flexible pipe couplings joining grooved end 
pipe shall be provided as flexure joints to allow individual sec- 
tions of piping 2% in. (65 mm) or larger to move differentially 
with the individual sections of the building to which it is at- 
tached. 


9.3.2.2 Couplings shall be arranged to coincide with struc- 
tural separations within a building. 


9.3.2.3 Systems having more flexible couplings than required 
by this section shall be provided with additional sway bracing 
as required in 9.3.5.3.8. The flexible couplings shall be in- 
stalled as follows: 


(1)*Within 24 in. (610 mm) of the top and bottom of all risers, 
unless the following provisions are met: 


(a) In risers less than 3 ft (0.9 m) in length, flexible cou- 
plings are permitted to be omitted. 
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(b) In risers 3 ft to 7 ft (0.9 m to 2.1 m) in length, one 
flexible coupling is adequate. 

(2) Within 12 in. (305 mm) above and within 24 in. (610 mm) 
below the floor in multistory buildings. When the flexible 
coupling below the floor is above the tie-in main to the 
main supplying that floor, a flexible coupling shall be pro- 
vided in accordance with one of the following: 

(a)*On the horizontal portion within 24 in. (610 mm) of 
the tie-in where the tie-in is horizontal 

(b)*On the vertical portion of the tie-in where the tie-in 
incorporates a riser 

(3) On both sides of concrete or masonry walls within 1 ft 
(305 mm) of the wall surface, unless clearance is provided 
in accordance with 9.3.4 

(4)*Within 24 in. (610 mm) of building expansion joints 

(5) Within 24 in. (610 mm) of the top of drops exceeding 
15 ft (4.6 m) in length to portions of systems supplying 
more than one sprinkler, regardless of pipe size 

(6) Within 24 in. (610 mm) above and 24 in. (610 mm) below 
any intermediate points of support for a riser or other 
vertical pipe 


9.3.2.4* Flexible Couplings for Drops. Flexible couplings for 
drops to hose lines, rack sprinklers, and mezzanines shall be 
installed regardless of pipe sizes as follows: 


(1) Within 24 in. (610 mm) of the top of the drop 

(2) Within 24 in. (610 mm) above the uppermost drop sup- 
port attachment, where drop supports are provided to the 
structure, rack, or mezzanine 

(3) Within 24 in. (610 mm) above the bottom of the drop 
where no additional drop support is provided 


9.3.3* Seismic Separation Assembly. 


9.3.3.1 An approved seismic separation assembly shall be in- 
stalled where sprinkler piping, regardless of size, crosses build- 
ing seismic separation joints at ground level and above. 


9.3.3.2 Seismic separation assemblies shall consist of flexible 
fittings or flexible piping so as to allow movement sufficient to 
accommodate closing of the separation, opening of the sepa- 
ration to twice its normal size, and movement relative to the 
separation in the other two dimensions in an amount equal to 
the separation distance. 


9.3.3.3* The seismic separation assembly shall include a four- 
way brace upstream and downstream within 6 ft (1.83 m) of 
the seismic separation assembly. 


9.3.3.4 Bracing shall not be attached to the seismic separa- 
tion assembly. 


9.3.4* Clearance. 


9.3.4.1 Clearance shall be provided around all piping extend- 
ing through walls, floors, platforms, and foundations, includ- 
ing drains, fire department connections, and other auxiliary 
piping. 

9.3.4.2 Unless the requirements of 9.3.4.3 through 9.3.4.7 
are met, where pipe passes through holes in platforms, foun- 
dations, walls, or floors, the holes shall be sized such that the 
diameter of the holes is nominally 2 in. (50 mm) larger than 
the pipe for pipe 1 in. (25 mm) nominal to 3% in. (90 mm) 
nominal and 4 in. (100 mm) larger than the pipe for pipe 4 in. 
(100 mm) nominal and larger. 


9.3.4.3 Where clearance is provided by a pipe sleeve, a nomi- 
nal diameter 2 in. (50 mm) larger than the nominal diameter 
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of the pipe shall be acceptable for pipe sizes 1 in. (25 mm) 
through 314 in. (90 mm), and the clearance provided by a pipe 
sleeve of nominal diameter 4 in. (100 mm) larger than the 
nominal diameter of the pipe shall be acceptable for pipe sizes 
4 in. (100 mm) and larger. 


9.3.4.4 No clearance shall be required for piping passing 
through gypsum board or equally frangible construction that 
is not required to have a fire resistance rating. 


9.3.4.5 No clearance shall be required if flexible couplings 
are located within 1 ft (305 mm) of each side of a wall, floor, 
platform, or foundation. 


9.3.4.6 No clearance shall be required where horizontal pip- 
ing passes perpendicularly through successive studs or joists 
that form a wall or floor/ceiling assembly. 


9.3.4.7 No clearance shall be required where nonmetallic 
pipe has been demonstrated to have inherent flexibility equal 
to or greater than the minimum provided by flexible cou- 
plings located within 1 ft (305 mm) of each side of a wall, floor, 
platform, or foundation. 


9.3.4.8 Where required, the clearance shall be filled with a 
flexible material that is compatible with the piping material. 


9.3.4.9 Clearance from structural members not penetrated 
or used, collectively or independently, to support the piping 
shall be at least 2 in. (50 mm). 


9.3.5* Sway Bracing Design. 
9.3.5.1 General. 


9.3.5.1.1 The system piping shall be braced to resist both 
lateral and longitudinal horizontal seismic loads and to pre- 
vent vertical motion resulting from seismic loads. 


9.3.5.1.2 The structural components to which bracing is at- 
tached shall be determined to be capable of resisting the 
added applied seismic loads. 


9.3.5.1.3* Horizontal loads on system piping shall be deter- 
mined in accordance with 9.3.5.6. 


9.3.5.2 Sway Bracing Design. 


9.3.5.2.1 Sway braces shall be designed to withstand forces in 
tension and compression, unless the requirements of 9.3.5.2.2 
are met. 


9.3.5.2.2* Tension-only bracing systems shall be permitted for 
use where listed for this service and where installed in accor- 
dance with their listing limitations, including installation in- 
structions. 


9.3.5.2.3 For all braces, whether or not listed, the maximum 
allowable load shall be based on the weakest component of 
the brace with safety factors. 


9.3.5.3 Lateral Sway Bracing. 


9.3.5.3.1* Lateral sway bracing shall be provided on all feed 
and cross mains regardless of size and all branch lines and 
other piping with a diameter of 24% in. (65 mm) and larger. 


9.3.5.3.2* Lateral sway bracing shall be in accordance with 
either Table 9.3.5.3.2(a), (b), (c), (d) or (e) or 9.3.5.3.3, based 
on the piping material of the sprinkler system. 


9.3.5.3.2.1 Specially listed nonstandard pipe shall be permit- 
ted using the values in Table 9.3.5.3.2(c) or with values pro- 
vided by the manufacturer. 
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Table 9.3.5.3.2(a) Maximum Load (F,,,) in Zone of Table 9.3.5.3.2(c) Maximum Load (F,,,) in Zone of 
Influence (Ib), (F, = 30 ksi) Schedule 10 Steel Pipe Influence (Ib), (F, = 30 ksi) Schedule 5 Steel Pipe 
Lateral Sway Brace Spacing (ft)* Lateral Sway Brace Spacing (ft)* 
Pipe (in.) 20° 25° 30° 35° 40° Pipe (in.) 20” 25° 30° 35° 409 
1 111 89 73 63 52 1 71 56 46 40 33 
1⁄4 176 141 116 99 83 1⁄4 116 93 76 65 55 
1% 241 193 158 136 114 1% 154 124 101 87 73 
2 390 312 256 219 183 2 246 197 161 138 116 
2% 641 513 420 360 301 2% 459 367 301 258 216 
3 966 773 633 543 454 3 691 552 453 388 325 
39 1281 1025 840 720 603 3% 910 728 597 511 428 
4 1634 1307 1071 918 769 4 1160 928 760 652 546 
5 2814 2251 1844 1581 1324 
6 and larger 4039 3931 2647 2969 1900 “The tables for the maximum load F,,, in zone of influence are based 


“ The tables for the maximum load F,,, in zone of influence are based 
on specific configurations of mains and branch lines. 

P Assumes branch lines at center of pipe span and near each support. 
© Assumes branch lines at third-points of pipe span and near each 
support. 

“ Assumes branch lines at quarter-points of pipe span and near each 
support. 

“ Larger diameter pipe may be used when justified by engineering 
analysis. 

"ASTM A 106 Grade B or A 53 Grade B has an F, = 35 ksi. An F, = 30 ksi 
was used also as a conservative value to account for differences in 
material properties as well as other operational stresses. 


Table 9.3.5.3.2(b) Maximum Load (F,,,) in Zone of 
Influence (Ib), (F= 30 ksi) Schedule 40 Steel Pipe 


Lateral Sway Brace Spacing (ft)* 

Pipe (in.) 20” 25P 30° 35° 40° 
1 121 97 19 68 57 
1⁄4 214 171 140 120 100 
1% 306 245 201 172 144 
2 520 416 341 292 245 
2% 984 787 645 553 463 
3 1597 1278 1047 897 751 
3% 2219 1775 1455 1247 1044 
4 2981 2385 1954 1675 1402 
5 5061 4049 3317 2843 2381 

6 and larger | 7893 6314 5173 4434 3713 


“ The tables for the maximum load F, in zone of influence are based 
on specific configurations of mains and branch lines. 

P Assumes branch lines at center of pipe span and near each support. 
“ Assumes branch lines at third-points of pipe span and near each 
support. 

€d Assumes branch lines at quarter-points of pipe span and near each 
support. 

“ Larger diameter pipe may be used when justified by engineering 
analysis. 

f ASTM A 106 Grade B or A 53 Grade B has an F,= 35 ksi. An F, = 30 ksi 
was used also as a conservative value to account for differences in 
material properties as well as other operational stresses. 


on specific configurations of mains and branch lines. 

P Assumes branch lines at center of pipe span and near each support. 
€ Assumes branch lines at third-points of pipe span and near each 
support. 

“ Assumes branch lines at guarter-points of pipe span and near each 
support. 

“ Larger diameter pipe may be used when justified by engineering 
analysis. 

f ASTM A 106 Grade B or A 53 Grade B has an I= 35 ksi. An F, = 30 ksi 
was used also as a conservative value to account for differences in 
material properties as well as other operational stresses. 


Table 9.3.5.3.2(d) Maximum Load (F,,,) in Zone of 
Influence (Ib), (F, = 8 ksi) CPVC Pipe 


Lateral Sway Brace Spacing (ft)* 

Pipe (in.) 20” 25° 30° 35° 40% 
Ya 15 12 10 8 7 

1 28 22 18 15 13 

1⁄4 56 45 37 30 26 

1% 83 67 55 45 39 

2 161 129 105 87 76 

2% 286 229 188 154 135 

3° 516 413 338 278 243 


* The tables for the maximum load F, in zone of influence are based 
on specific configurations of mains and branch lines. 

> Assumes branch lines at center of pipe span and near each support. 
© Assumes branch lines at third-points of pipe span and near each 
support. 

“ Assumes branch lines at quarter-points of pipe span and near each 
support. 

“ Larger diameter pipe may be used when justified by engineering 
analysis. 

f ASTM A 106 Grade B or A53 Grade B has an F, = 35 ksi. An F, = 30 ksi 
was used also as a conservative value to account for differences in 
material properties as well as other operational stresses. 
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Table 9.3.5.3.2(e) Maximum Load (F,,,) in Zone of 
Influence (Ib), (F, = 32 ksi) Type M Copper Tube 


Lateral Sway Brace Spacing (ft)* 
Pipe (in.) 20” 25? 30° 35° 40° 
Ya 17 14 11 9 8 
1 31 25 21 17 15 
1⁄4 56 45 37 30 27 
1% 92 74 60 49 43 
Q° 192 154 126 103 90 


“The tables for the maximum load F,,, in zone of influence are based 
on specific configurations of mains and branch lines. 

Þ Assumes branch lines at center of pipe span and near each support. 
© Assumes branch lines at third-points of pipe span and near each 
support. 

“ Assumes branch lines at quarter-points of pipe span and near each 
support. 

“ Larger diameter pipe may be used when justified by engineering 
analysis. 

f ASTM A 106 Grade B or A 53 Grade B has an F, = 35 ksi. An F, = 30 ksi 
was used also as a conservative value to account for differences in 
material properties as well as other operational stresses. 


9.3.5.3.2.2 Spacing shall not exceed a maximum interval of 
40 ft (12.2 m) on center. 


9.3.5.3.2.3 The maximum permissible load in the zone of 
influence of a sway brace shall not exceed the values given in 
Table 9.3.5.3.2(a) through Table 9.3.5.3.2(e) or the values cal- 
culated in accordance with 9.3.5.3.3. 


9.3.5.3.3 The maximum load (#,,,) in the zone of influence 
for specially listed pipe shall be calculated. (See Annex E.) 


9.3.5.3.4 The requirements of 9.3.5.3.1 shall not apply to 216 in. 
(65 mm) starter pieces that do not exceed 12 ft (3.66 m) in 
length. 


9.3.5.3.5 The distance between the last brace and the end of 
the pipe shall not exceed 6 ft (1.8 m). 


9.3.5.3.6 The last length of pipe at the end of a feed or cross 
main shall be provided with a lateral brace. 


9.3.5.3.7 Lateral braces shall be allowed to act as longitudinal 
braces if they are within 24 in. (610 mm) of the centerline of 
the piping braced longitudinally and the lateral brace is on a 
pipe of equal or greater size than the pipe being braced longi- 
tudinally. 


9.3.5.3.8 Where flexible couplings are installed on mains 
other than as required in 9.3.2, a lateral brace shall be pro- 
vided within 24 in. (610 mm) of every other coupling, includ- 
ing flexible couplings at grooved fittings, but not more than 
40 ft (12.2 m) on center. 


9.3.5.3.9 The requirements of 9.3.5.3 shall not apply to pipes 
individually supported by rods less than 6 in. (152 mm) long 
measured between the top of the pipe and the point of attach- 
ment to the building structure. 


9.3.5.3.10 The requirements of 9.3.5.3 shall not apply where 
U-type hooks of the wraparound type or those U-type hooks 
arranged to keep the pipe tight to the underside of the struc- 
tural element shall be permitted to be used to satisfy the re- 
quirements for lateral sway bracing, provided the legs are bent 
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out at least 30 degrees from the vertical and the maximum 
length of each leg and the rod size satisfies the conditions of 
Table 9.3.5.8.7 (a), Table 9.3.5.8.7 (b), and Table 9.3.5.8.7 (c). 


9.3.5.4 Longitudinal Sway Bracing. 


9.3.5.4.1 Longitudinal sway bracing spaced at a maximum of 
80 ft (24.4 m) on center shall be provided for feed and cross 
mains. 


9.3.5.4.2 Longitudinal braces shall be allowed to act as lateral 
braces if they are within 24 in. (610 mm) of the centerline of 
the piping braced laterally. 


9.3.5.4.3 The distance between the last brace and the end of 
the pipe shall not exceed 40 ft (12.2 m). 


9.3.5.5 Risers. 


9.3.5.5.1* Tops of risers exceeding 3 ft (1 m) in length shall be 
provided with a four-way brace. 


9.3.5.5.2 Riser nipples shall be permitted to omit the four- 
way brace required by 9.3.5.5.1. 


9.3.5.5.3 When a four-way brace at the top of a riser is at- 
tached on the horizontal piping, it shall be within 24 in. 
(610 mm) of the centerline of the riser and the loads for that 
brace shall include both the vertical and horizontal pipe. 


9.3.5.5.4 Distance between four-way braces for risers shall not 
exceed 25 ft (7.6 m). 


9.3.5.5.5 Four-way bracing shall not be required where risers 
penetrate intermediate floors in multistory buildings where 
the clearance does not exceed the limits of 9.3.4. 


9.3.5.6* Horizontal Seismic Loads. 


9.3.5.6.1* The horizontal seismic load for the braces shall be 
as determined in 9.3.5.6.4 or 9.3.5.6.5, or as required by the 
authority having jurisdiction. The weight of the system being 
braced (W,) shall be taken as 1.15 times the weight of the 
water-filled piping. (See A. 9.3.5.6. 1.) 


9.3.5.6.2* The horizontal force, F,,,, acting on the brace shall 
be taken as F,, = C,W,, where C, is the seismic coefficient 
selected in Table 9.3.5.6.2 utilizing the short period response 
parameter, S,. The value of S, used in Table 9.3.5.6.2 shall be 
obtained from the authority having jurisdiction or from seis- 
mic hazard maps. Linear interpolation shall be permitted to 


be used for intermediate values of S,. 


9.3.5.6.2.1# The horizontal force, F,,,, acting on the brace 
shall be permitted to be determined in accordance with Sec- 
tion 13.3.1 of SEI/ASCE 7, Minimum Design Loads for Buildings 
and Other Structures, multiplied by 0.7 to convert to allowable 
stress design (ASD). 


9.3.5.6.3* Where the authority having jurisdiction does not 
specify the horizontal seismic load, the horizontal seismic 
force acting on the braces shall be determined as specified in 
9.3.5.6.2 with C, = 0.5. 


9.3.5.6.4* The zone of influence for lateral braces shall in- 
clude all branch lines and mains tributary to the brace, except 
branch lines that are provided with longitudinal bracing. 


9.3.5.6.5 The zone of influence for longitudinal braces shall 
include all mains tributary to the brace. 


9.3.5.7 Net Vertical Reaction Forces. Where the horizontal 
seismic loads used exceed 0.5 W, and the brace angle is less 
than 45 degrees from vertical or where the horizontal seismic 
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Table 9.3.5.6.2 Seismic Coefficient Table 


S, C, 
0.33 or less 0.35 
0.40 0.38 
0.50 0.40 
0.60 0.42 
0.70 0.42 
0.75 0.42 
0.80 0.44 
0.90 0.48 
0.95 0.50 
1.00 0.51 
1.10 0.54 
1.20 0.57 
1.25 0.58 
1.30 0.61 
1.40 0.65 
1.50 0.70 
1.60 0.75 
1.70 0.79 
1.75 0.82 
1.80 0.84 
1.90 0.89 
2.00 0.93 
2.10 0.98 
2.20 1.03 
2.30 1.07 
2.40 1.12 
2.50 1.17 
2.60 1:21 
2.70 1.26 
2.80 1.31 
2.90 1.35 
3.00 1.40 


load exceeds 1.0 W, and the brace angle is less than 60 degrees 
from vertical, the braces shall be arranged to resist the net 
vertical reaction produced by the horizontal load. 


9.3.5.8“ Sway Brace Installation. 
9.3.5.8.1 Sway bracing shall be tight. 


9.3.5.8.2 For individual braces, the slenderness ratio (l/r) 
shall not exceed 300, where lis the length of the brace and ris 
the least radius of gyration. 


9.3.5.8.3 Where threaded pipe is used as part of a sway brace 
assembly, it shall not be less than Schedule 30. 


9.3.5.8.4 All parts and fittings of a brace shall lie in a straight 
line to avoid eccentric loadings on fittings and fasteners. 


9.3.5.8.5 For longitudinal braces only, the brace shall be per- 
mitted to be connected to a tab welded to the pipe in conform- 
ance to 6.5.2. 


9.3.5.8.6 For tension-only braces, two tension-only brace 
components opposing each other must be installed at each 
lateral or longitudinal brace location. 


9.3.5.8.7* The loads determined in 9.3.5.6 shall not exceed 
the lesser of the maximum allowable loads provided in 
Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and Table 9.3.5.8.7(c) 
or the manufacturer’s certified maximum allowable horizon- 


tal loads for brace angles of 30 to 44 degrees, 45 to 59 degrees, 
60 to 89 degrees, or 90 degrees. 


9.3.5.8.8% Other pipe schedules and materials not specifi- 
cally included in Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and 
Table 9.3.5.8.7(c) shall be permitted to be used if certified 
by a registered professional engineer to support the loads 
determined in accordance with the criteria in the tables. 
Calculations shall be submitted where required by the au- 
thority having jurisdiction. 


9.3.5.8.9 C-type clamps including beam and large flange 
clamps, with or without restraining straps, shall not be used to 
attach braces to the building structure. 


9.3.5.8.10 Powder-driven fasteners shall not be used to attach 
braces to the building structure, unless they are specifically 
listed for service in resisting lateral loads in areas subject to 
earthquakes. 


9.3.5.9* Fasteners. 


9.3.5.9.1* For individual fasteners, the loads determined in 
9.3.5.6 shall not exceed the allowable loads provided in Fig- 
ure 9.3.5.9.1. 


9.3.5.9.2 The type of fasteners used to secure the bracing 
assembly to the structure shall be limited to those shown in 
Figure 9.3.5.9.1 or to listed devices. 


9.3.5.9.3* For connections to wood, through-bolts with wash- 
ers on each end shall be used, unless the requirements of 
9.3.5.9.4 are met. 


9.3.5.9.4 Where it is not practical to install through-bolts due 
to the thickness of the wood member in excess of 12 in. 
(305 mm) or inaccessibility, lag screws shall be permitted. 
Holes shall be pre-drilled % in. (3.2 mm) smaller than the 
maximum root diameter of the lag screw. 


9.3.5.9.5 Holes for through-bolts and similar listed attach- 
ments shall be 46 in. (1.6 mm) greater than the diameter of 
the bolt. 


9.3.5.9.6 The requirements of 9.3.5.9 shall not apply to other 
fastening methods, which shall be acceptable for use if certi- 
fied by a registered professional engineer to support the loads 
determined in accordance with the criteria in 9.3.5.6. Calcula- 
tions shall be submitted where required by the authority hav- 
ing jurisdiction. 


9.3.5.9.7 Concrete Anchors. 


9.3.5.9.7.1* Concrete anchors shall be prequalified for seismic 
applications in accordance with ACI 355.2, Qualification of Post- 
Installed Mechanical Anchors in Concrete and Commentary, and in- 
stalled in accordance with the manufacturer’s instructions. 


9.3.5.9.7.2 Concrete anchors other than those shown in Fig- 
ure 9.3.5.9.1 shall be acceptable for use where designed in 
accordance with the requirements of the building code and 
certified by a registered professional engineer. 


9.3.5.10 Assemblies. 


9.3.5.10.1 Sway bracing assemblies shall be listed for a maxi- 
mum load rating, unless the requirements of 9.3.5.10.2 are met. 


9.3.5.10.2 Where sway bracing utilizing pipe, angles, flats, or 
rods as shown in Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and 
Table 9.3.5.8.7(c) is used, the components shall not require 
listing. 
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Table 9.3.5.8.7(a) Maximum Horizontal Loads for Sway Braces with l/r = 100 for Steel Braces with F = 36 ksi 
Max. Horizontal Load (lb) 
Maximum Length 
Least for l/r = 100 Brace Angle 
Radius 
of 30° to 44° 45° to 59° 60° to 90° 
Area Gyration Angle from | Angle from Angle from 
Brace Shape and Size (in.) (in.2) (r) tin.) ft in. Vertical Vertical Vertical 
Pipe 1 0.494 0.421 3 6 3,150 4,455 5,456 
Schedule 40 1⁄4 0.669 0.540 4 6 4,266 6,033 7,389 
1% 0.799 0.623 5 2 5,095 7,206 8,825 
2 1.07 0.787 6 6 6,823 9,650 11,818 
Angles 1/2 x 116 x Va 0.688 0.292 2 5 4,387 6,205 7,599 
2x2x V4 0.938 0.391 3 3 5,982 8,459 10,360 
2/6 x 2 x V4 1.06 0.424 3 6 6,760 9,560 11,708 
24x 2⁄2 x Ya 1.19 0.491 4 1 7,589 10,732 13,144 
3 x 26 x V4 1.31 0.528 4 4 8,354 11,814 14,469 
3x3 x YA 1.44 0.592 4 11 9,183 12,987 15,905 
Rods Kp 0.07 0.075 0 7 446 631 773 
(all thread) % 0.129 0.101 0 10 823 1,163 1,425 
% 0.207 0.128 1 0 1,320 1,867 2,286 
Ya 0.309 0.157 1 3 1,970 2,787 3,413 
% 0.429 0.185 1 6 2,736 3,869 4,738 
Rods 18 0.11 0.094 0 9 701 992 1,215 
(threaded at W 0.196 0.125 1 0 1,250 1,768 2,165 
ends only) % 0.307 0.156 1 3 1,958 2,769 3,391 
Ya 0.442 0.188 1 6 2,819 3,986 4,882 
Kk 0.601 0.219 1 9 3,833 5,420 6,638 
Flats 1/2 x Ya 0.375 0.0722 0 7 2,391 3,382 4,142 
2 x V4 0.5 0.0722 0 7 3,189 4,509 5,523 
2x % 0.75 0.1082 0 10 4,783 6,764 8,284 
9.3.5.10.2.1 Bracing fittings and connections used with those (1) Alisted sway brace assembly 
specific materials shall be listed. (2) A wraparound U-hook satisfying the requirements of 


9.3.5.10.3 The loads shall be reduced as shown in 
Table 9.3.5.10.3 for loads that are less than 90 degrees from 
vertical. 

9.3.5.11 Attachments. 

9.3.5.11.1 Bracing shall be attached directly to feed and cross 
mains. 


9.3.5.11.2 Each run of pipe between changes in direction 
shall be provided with both lateral and longitudinal bracing, 
unless the requirements of 9.3.5.11.3 are met. 


9.3.5.11.3 Pipe runs less than 12 ft (3.7 m) in length shall be 
permitted to be supported by the braces on adjacent runs of 
pipe. 

9.3.5.12 Braces to Buildings with Differential Movement. A 
length of pipe shall not be braced to sections of the building 
that will move differentially. 


9.3.6 Restraint of Branch Lines. 


9.3.6.1* Restraint is considered a lesser degree of resisting 
loads than bracing and shall be provided by use of one of the 
following: 
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9.3.5.3.10 

(3) No. 12, 440 Ib (200 kg) wire installed at least 45 degrees 
from the vertical plane and anchored on both sides of the 
pipe 

(4) Other approved means 

(5)*A hanger not less than 45 degrees from vertical installed 
within 6 in. (152 mm) of the vertical hanger arranged for 
restraint against upward movement, provided it is utilized 
such that //r does not exceed 400, where the rod shall 
extend to the pipe or have a surge clip installed 


9.3.6.2 Wire used for restraint shall be located within 2 ft 
(610 mm) of a hanger. The hanger closest to a wire restraint 
shall be of a type that resists upward movement of a branch 
line. 


9.3.6.3 The end sprinkler on a line shall be restrained against 
excessive vertical and lateral movement. 


9.3.6.4* Branch lines shall be laterally restrained at intervals 
not exceeding those specified in Table 9.3.6.4(a) or (b) based 
on branch line diameter and the value of C,. 
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Table 9.3.5.8.7(b) Maximum Horizontal Loads for Sway Braces with 7/r = 200 for Steel Braces with F; = 36 ksi 
Max. Horizontal Load (lb) 
Maximum Length for 
l/r = 200 Brace Angle 
Least 
Radius of 30° to 44° 45° to 59° 60° to 90° 
Area Gyration (r) Angle from | Angle from | Angle from 
Brace Shape and Size (in.) (in.?) (in.) ft in Vertical Vertical Vertical 

Pipe 1 0.494 0.421 7 0 926 1310 1604 
Schedule 40 11⁄4 0.669 0.540 9 0 1254 1774 2173 
1% 0.799 0.623 10 4 1498 2119 2595 
2 1.07 0.787 13 1 2006 2837 3475 
Angles 116 x 19 x V4 0.688 0.292 4 10 1290 1824 2234 
2x2x YA 0.938 0.391 6 6 1759 2487 3046 
2x2 x V4 1.06 0.424 7 0 1988 2811 3442 
2⁄2 x 26 x Va 1.19 0.491 8 2 2231 3155 3865 
3 x 2/0 x 14 1.31 0.528 8 9 2456 3474 4254 
3x3 x1 1.44 0.592 g 10 2700 3818 4677 
Rods % 0.07 0.075 1 2 131 186 227 
(all thread) y 0.129 0.101 1 8 242 342 419 
8 0.207 0.128 2 1 388 549 672 
Ya 0.309 0.157 2 7 579 819 1004 
% 0.429 0.185 3 0 804 1138 1393 
Rods 1 0.11 0.094 il 6 206 292 357 
(threaded at yg 0.196 0.125 2 0 368 520 637 
ends only) 58 0.307 0.156 2 T 576 814 997 
Ya 0.442 0.188 3 1 829 1172 1435 
% 0.601 0.219 3 7 1127 1594 1952 
Flats 1% x Ya 0.375 0.0722 1 2 703 994 1218 
2 x Ya 0.5 0.0722 1 2 938 1326 1624 
2x 0.75 0.1082 1 9 1406 1989 2436 


9.3.6.5 Where the branch lines are supported by rods less 
than 6 in. (152 mm) long measured between the top of the 
pipe and the point of attachment to the building structure, 
the reguirements of 9.3.6.1 through 9.3.6.4 shall not apply 
and additional restraint shall not be reguired for the branch 
lines. 


9.3.6.6“ Sprigs 4 ft (1.2 m) or longer shall be restrained against 
lateral movement. 


9.3.6.7 Drops and armovers shall not require restraint. 
9.3.7 Hangers and Fasteners Subject to Earthquakes. 


9.3.7.1 Where seismic protection is provided, C-type clamps 
(including beam and large flange clamps) used to attach 
hangers to the building structure shall be equipped with a 
restraining strap unless the provisions of 9.3.7.1.1 are satisfied. 


9.3.7.1.1 As an alternative to the installation of a required 
restraining strap, a device investigated and specifically listed to 
restrain the clamp to the structure is permitted where the in- 
tent of the device is to resist the worst-case expected horizontal 
load. 


9.3.7.2 The restraining strap shall be listed for use with a 
C-type clamp or shall be a steel strap of not less than 16 gauge 
(1.57 mm) thickness and not less than 1 in. (25.4 mm) wide 
for pipe diameters 8 in. (200 mm) or less and 14 gauge 
(1.98 mm) thickness and not less than 14 in. (31.7 mm) wide 
for pipe diameters greater than 8 in. (200 mm). 


9.3.7.3 The restraining strap shall wrap around the beam 
flange not less than 1 in. (25.4 mm). 


9.3.7.4 A lock nut on a C-type clamp shall not be used as a 
method of restraint. 


9.3.7.5 A lip on a “C” or “Z” purlin shall not be used as a 
method of restraint. 


9.3.7.6 Where purlins or beams do not provide a secure lip to 
a restraining strap, the strap shall be through-bolted or se- 
cured by a self-tapping screw. 


9.3.7.7 In areas where the horizontal force factor exceeds 
0.50 Was powder-driven studs shall be permitted to attach 
hangers to the building structure where they are specifically 


listed for use in areas subject to earthquakes. 
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Table 9.3.5.8.7(c) Maximum Horizontal Loads for Sway Braces with l/r = 300 for Steel Braces with F, = 36 ksi 


Max. Horizontal Load (Ib) 


Maximum Length 
for 
l/r = 300 Brace Angle 
Least Radius 30° to 44° 45° to 59° 60° to 90° 
Area of Gyration Angle from | Angle from | Angle from 
Brace Shape and Size (in.) (in.2) (r) tin.) ft in Vertical Vertical Vertical 
Pipe 1 0.494 0.421 10 6 412 582 713 
Schedule 40 1⁄4 0.669 0.540 13 6 558 788 966 
1% 0.799 0.623 15 6 666 942 1153 
2 1.07 0.787 19 8 892 1261 1544 
Angles 19 x 1% x V4 0.688 0.292 T 3 573 811 993 
2x2x V4 0.938 0.391 9 9 782 1105 1354 
2⁄2 x 2 x Va 1.06 0.424 10 7 883 1249 1530 
2Y6 x 2% x Va 1.19 0.491 12 3 992 1402 1718 
3 x 2Y9 x Ya 1.31 0.528 13 2 1092 1544 1891 
3x3x 4 1.44 0.592 14 9 1200 1697 2078 
Rods YK 0.07 0.075 1 10 58 82 101 
(all thread) Yg 0.129 0.101 2 6 108 152 186 
5g 0.207 0.128 3 2 173 244 299 
Ya 0.309 0.157 3 11 258 364 446 
18 0.429 0.185 4 7 358 506 619 
Rods K8 0.11 0.094 2 4 92 130 159 
(threaded at Yg 0.196 0.125 3 1 163 231 283 
ends only) 4 0.307 0.156 3 10 256 362 443 
4 0.442 0.188 4 8 368 521 638 
% 0.601 0.219 5 5 501 708 867 
Flats 119 x 1⁄4 0.375 0.0722 1 9 313 449 541 
2 x Va 0.5 0.0722 1 9 417 589 722 
2x % 0.75 0.1082 2 8 625 884 1083 
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Minimum four 
fastener diameters 


K7 but not <% beam 
A depth and not 
Ll. Fastener «3 in. (76 mm) for 
orientation Angle G, H, or I J Angle G, H, or | wood beams 
Angle A, B, or C 
Angle A, B, or C Angle G = 30° to 44° 
x 1 Angle H = 45° to 59° 
Angle A = 30° to 44 Angle | = 60° to 90° 
| Angle B = 45° to 59° 
Angle C = 60° to 90° Load Parallel to Structural Member 
Wedge Anchors in 3000 psi Lightweight Cracked Concrete 
Diameter | Embedment 
Minimum 12 depth (in.) (in.) A|B}]C;]D] E;] F/G] HI 1 
Fastener of beam but not % 2 110] 206 | 410 | 236 | 206 | 191 | 396 | 492 | 551 
Ng in. a mm) Ya 3% 245 | 467 | 970 | 559 | 467 | 426 (1021/1239 (1368 
Angle D aa A 4 344| 661 | 1406| 811 | 661 | 597 [1569|1876|2055 
i 3 
E, or F Angle D, E, or F Ya 4% 446| 859 11839110611 859 | 774 |2078}2476|2706 
Angle D = 30° to 44° Wedge Anchors in 4000 psi Normal Weight Cracked Concrete 
| Angle E = 45° to 59° Diameter | Embedment 
Angle F = 60° to 90° (in.) (in.) A|B]|C/;]D}]E}]FI]G]Hy4 1 
Load Perpendicular to Structural Member % 2 196 | 342 | 600 | 346 | 342 | 341 | 473 | 616 | 711 
Ye 3% 4431797 114771852 | 797 | 769 | 1264|1616 |1842 
Wedge Anchors in 3000 psi Lightweight Concrete-Filled Metal Decking A 4 627 11471 21981126811147 1088| 19901251312843 
Diameter | Embedment Ey 3 
(in) (in) alelcloleleleolauls 4 4%, 816149812891 |1668 | 1498 |1414|2653|3339|3770 
% 2 116 | 216 | 420 Wedge Anchors in 6000 psi Normal Weight Cracked Concrete 
yA 3% 2151406 | 826 Diameter Embedment 
Th 4 369 | 673 | 1282 (in.) (in.) A|}|B]|C/;]D}]E}]FI]G|Hy4 1 
% 2 232 | 394 | 661 | 381 | 394 | 402 | 492 | 648 | 754 
Wedge Anchors in 3000 psi Normal Weight Cracked Concrete y 3V4 5281928 | 1649| 951 | 928 | 916 113261172011979 
ai ea we ep ge ee ae | % 4 750 1344| 2474 [1428|1344|1300| 2102|2694|3077 
$ . 7 5 
% 5 1731308 | 557 1321 | 308 13011 458 |591 |678 4 4%, 976 |1756| 3261 |1882} 1756 |1691 |2807 |3587 |4089 
% 3⁄4 3911713 113581784 | 713 |678 |12151537 |1741 Connections to Steel (Values Assume Bolt Perpendicular to Mounting Surface) 
% 4 553 |1021 | 2008 (1159/1021 | 956 | 1904/2378 |2671 Diameter of Unfinished Steel Bolt (in.) 
Ya 4%, 717 |1332 | 2638 |152311332|1243| 2536 |3155|3537 Ya Ya 
Undercut Anchors in 3000 psi Normal Weight Concrete AB C Ooo E a ee G H ped 
: 400 | 500 | 600 | 300 | 500 | 650 | 325 | 458 | 565 | 900 (1200114001 800 }1200) 1550} 735 | 1035] 1278 
Diameter | Embedment : — f 
(in.) (in) A|B C ID Elrlalhli Diameter of Unfinished Steel Bolt (in.) 
% 4 685 (1106/1714 | 989 |1106|1187]1171|1571|1849 % % 
% 5 855 |1479| 2552|1473|1479|1483] 1975 |2582 |2988 ATBICIDJE/FIGIH] TTAB] C{/DIEJFIGIAII 
% Th H 1532044 | 3675 |2121/2041 11997] 3022/3902 |4478 16001205012550/145012050/2850 1300 }1830)2260)2500)3300/3950) 2250} 3300/4400 )2045)2880| 3557 
Through-Bolts in Sawn Lumber or Glue-Laminated Timbers (Load Perpendicular to Grain) 


Bolt Diameter (in.) 
A % Ya 
Length of Al1B]C]D]JEJF/[GJH]JI1/A] BI C]D]E]TFIJG]H]!1/A]B]C]D]E] FIG/THI I 


Bolt i 
Tims: 12 | 115 | 165 | 200 | 135 | 230 | 395 | 130 | 215 | 310 | 135 | 190 | 235 | 155 | 270 | 460 | 155 | 255 | 380 | 155 | 220) 270 | 180 | 310 | 530 | 170} 300 | 450 


(in.) 2¥2 | 140 | 200 | 240 | 160 | 280 | 480 | 165 | 275 | 410 | 160 | 225 | 280 | 185 | 320 | 550 | 190 | 320 | 495 | 180 | 255} 310 | 205 | 360 | 615 | 215] 365 | 575 
31⁄2 | 175 | 250 | 305 | 200 | 350 | 600} 200 | 330 | 485 | 200 | 285) 345 | 230 | 400 | 685 | 235 | 405 | 635 | 220 | 310 | 380 | 255 | 440 | 755 | 260| 455 | 730 
52 280 | 395 | 485 | 325 | 560 | 960 | 315 | 515 | 735 | 310 | 440 | 535 | 360 | 620 | 1065 | 360 | 610 | 925 


Lag Screws and Lag Bolts in Wood (Load Perpendicular to Grain — Holes Predrilled Using Good Practice) 
Lag Bolt Diameter (in.) 
Ya Ya % 

Length A|B;/C{D{|E}]F/]G]|H{I{A]B]C]D]E}]F/G}]H{!/A/B{C{|D]E} FIGI ATI 


Under | 3% | te5| 190] 200 | 170 | 220 | 310} 80 | 120 | 170 
Head (in) | 4y, | 180 | 200 | 200 | 175 | 235 | 350 | 80 | 120 | 170 | 300 | 355 | 380 | 315 | 400 | 550 | 145 | 230 | 325 


5% | 190 | 200 | 200 | 175 | 245 | 380 | 80 | 120 | 170 | 320 | 370 | 380 | 320 | 420 | 610 | 145 | 230 | 325 | 435 | 525 | 555 | 425 | 550 | 775 | 195} 320 | 460 
6% | 195 | 205 | 200 | 175 | 250 | 400 | 80 | 120 | 170 | 340 | 375 | 380 | 325 | 435 | 650 | 145 | 230 | 325 | 465 | 540 | 555 | 430 | 570 | 840 | 195| 320 | 460 


Note: Wood fastener maximum capacity values are based on 2001 National Design Specifications (NDS) for wood with a Specific Gravity of Wood | Multiplier 
specific gravity of 0.35. Values for other types of wood can be obtained by multiplying the above values by the following factors: 0.36 thru 0.49 1.17 

; 0.50 thru 0.65 1.25 
For SI values, 1 in. = 25.4 mm. 0.66 thru 0.73 1.50 


FIGURE 9.3.5.9.1 Maximum Loads for Various Types of Structures and Maximum 
Loads for Various Types of Fasteners to Structures. 
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Table 9.3.5.10.3 Allowable Horizontal Load on Brace 
Assemblies Based on the Weakest Component of the Brace 
Assembly 


Brace Angle Allowable Horizontal Load 


30 to 44 degrees from Listed load rating divided by 
vertical 2.000 


45 to 59 degrees from Listed load rating divided by 
vertical 1.414 


60 to 89 degrees from Listed load rating divided by 
vertical 1.155 


90 degrees from vertical Listed load rating 


Table 9.3.6.4(a) Maximum Spacing (ft) of Steel Branch Line 
Restraints (ft) 


Seismic Coefficient (C,) 
0.5<C,< 
Pipe (in.) C, < 0.50 0.71 C, > 0.71 
1 43 36 26 
14 46 39 27 
1% 49 41 29 
2 53 45 31 


Table 9.3.6.4(b) Maximum Spacing (ft) of CPVC and 
Copper Branch Line Restraints 


Seismic Coefficient (C,) 
0.5<C,< 
Pipe (in.) C, < 0.50 0.71 C, > 0.71 
Ya 31 26 18 
1 34 28 20 
11⁄4 37 31 22 
1% 40 34 24 
2 45 38 27 


Chapter 10 Underground Piping 


10.1* Piping Materials. [24:10.1] 


10.1.1* Listing. Piping shall be listed for fire protection service 
or shall comply with the standards in Table 10.1.1. [24:10.1.1] 


10.1.2 Steel Pipe. Steel piping shall not be used for general 
underground service unless specifically listed for such service. 
[24:10.1.2] 


10.1.3 Steel Pipe Used with Fire Department Connections. 
Where externally coated and wrapped and internally galva- 
nized, steel pipe shall be permitted to be used between the 
check valve and the outside hose coupling for the fire depart- 
ment connection. [24:10.1.3] 
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10.1.4* Pipe Type and Class. The type and class of pipe for a 
particular underground installation shall be determined 
through consideration of the following factors: 


(1) Fire resistance of the pipe 

(2) Maximum system working pressure 

(3) Depth at which the pipe is to be installed 

(4) Soil conditions 

(5) Corrosion 

(6) Susceptibility of pipe to other external loads, including 
earth loads, installation beneath buildings, and traffic or 
vehicle loads 


[24:10.1.4] 


10.1.5* Working Pressure. Piping, fittings, and other system 
components shall be rated for the maximum system working 
pressure to which they are exposed but shall not be rated at 
less than 150 psi (10.4 bar). [24:10.1.5] 


10.1.6* Lining of Buried Pipe. [24:10.1.6] 


10.1.6.1 Unless the requirements of 10.1.6.2 are met, all fer- 
rous metal pipe shall be lined in accordance with the appli- 
cable standards in Table 10.1.1. [24:10.1.6.1] 


10.1.6.2 Steel pipe utilized in fire department connections 
and protected in accordance with the requirements of 10.1.3 
shall not be additionally required to be lined. [24:10.1.6.2] 


10.2 Fittings. [24:10.2] 


10.2.1 Standard Fittings. Fittings shall meet the standards in 
Table 10.2.1(a) or shall be in accordance with 10.2.2. In addi- 
tion to the standards in Table 10.2.1(b), CPVC fittings shall 
also be in accordance with 10.2.2 and with the portions of the 
ASTM standards specified in Table 10.2.1(b) that apply to fire 
protection service. [24:10.2.1] 


10.2.2 Special Listed Fittings. Other types of fittings investi- 
gated for suitability in automatic sprinkler installations and 
listed for this service, including, but not limited to, polybuty- 
lene, CPVC, and steel differing from that provided in Table 
10.2.1(a), shall be permitted when installed in accordance 
with their listing limitations, including installation instruc- 


tions. [24:10.2.2] 


10.2.3 Pressure Limits. Listed fittings shall be permitted for 
system pressures as specified in their listings, but not less than 
150 psi (10 bar). [24:10.2.3] 


10.2.4* Buried Joints. Joints shall be approved. [24:10.2.4] 


10.2.5* Buried Fittings. Fittings shall be of an approved type 
with joints and pressure class ratings compatible with the pipe 
used. [24:10.2.5] 


10.3 Joining of Pipe and Fittings. [24:10.3] 


10.3.1 Threaded Pipe and Fittings. All threaded steel pipe and 
fittings shall have threads cut in accordance with ASME B1.20.1, 
Pipe Threads, General Purpose (Inch). [24:10.3.1] 


10.3.2 Groove Joining Methods. Pipes joined with grooved fit- 
tings shall be joined by a listed combination of fittings, gaskets, 
and grooves. [24:10.3.2] 


10.3.3 Brazed and Pressure Fitting Methods. Joints for the 
connection of copper tube shall be brazed or joined using 
pressure fittings as specified in Table 10.2.1 (a). [24:10.3.3] 
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Table 10.1.1 Manufacturing Standards for Underground Pipe 


Materials and Dimensions Standard 

Ductile Iron 

Cement Mortar Lining for Ductile Iron Pipe and Fittings for Water AWWA C104 

Polyethylene Encasement for Ductile Iron Pipe Systems AWWA C105 

Ductile Iron and Gray Iron Fittings, 3-in. Through 48-in., for Water and Other Liquids AWWA C110 

Rubber-Gasket Joints for Ductile Iron Pressure Pipe and Fittings AWWA G111 

Flanged Ductile Iron Pipe with Ductile Iron or Gray Iron Threaded Flanges AWWA C115 

Protective Fusion-Bonded Epoxy Coatings for the Interior and Exterior Surfaces of AWWA C116 
Ductile-Iron and Gray-Iron Fittings for Water Supply Service 

Thickness Design of Ductile Iron Pipe AWWA C150 

Ductile Iron Pipe, Centrifugally Cast for Water AWWA C151 

Ductile-Iron Compact Fittings for Water Service AWWA C153 

Standard for the Installation of Ductile Iron Water Mains and Their Appurtenances AWWA C600 

Steel 

Steel Water Pipe 6 in. and Larger AWWA C200 

Coal-Tar Protective Coatings and Linings for Steel Water Pipelines Enamel and Tape— AWWA C203 
Hot Applied 

Cement-Mortar Protective Lining and Coating for Steel Water Pipe 4 in. and Larger — AWWA C205 
Shop Applied 

Field Welding of Steel Water Pipe AWWA C206 

Steel Pipe Flanges for Waterworks Service — Sizes 4 in. Through 144 in. AWWA C207 

Dimensions for Fabricated Steel Water Pipe Fittings AWWA C208 

A Guide for Steel Pipe Design and Installation AWWA M11 

Concrete 

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids AWWA C300 

Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids AWWA C301 

Reinforced Concrete Pressure Pipe, Non-Cylinder Type, for Water and Other Liquids AWWA C302 

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, Pretensioned, for Water and Other AWWA C303 
Liquids 

Siundard for Asbestos-Cement Distribution Pipe, 4 in. Through 16 in., for Water and AWWA C400 
Other Liquids 

Standard Practice for Selection of Asbestos-Cement Water Pipe AWWA C401 

Cement-Mortar Lining of Water Pipe Lines 4 in. and Larger — in Place AWWA C602 

Standard for the Installation of Asbestos-Cement Water Pipe AWWA C603 

Plastic 

Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 12 in., for Water and Other AWWA C900 
Liquids 

Povethylagl (PE) Pressure Pipe and Fittings 4 in. (100 mm) through 63 in. (1575 mm) AWWA C906 
for Water Distribution and Transport 

Copper 

Specification for Seamless Copper Tube ASTM B 75 

Specification for Seamless Copper Water Tube ASTM B 88 

Reguirements for Wrought Seamless Copper and Copper-Alloy Tube ASTM B 251 


(24: Table 10.1.1] 


10.3.4 Other Joining Methods. Other joining methods listed 
for this service shall be permitted where installed in accor- 
dance with their listing limitations. [24:10.3.4] 


10.3.5 Pipe Joint Assembly. [24:10.3.5] 


10.3.5.1 Joints shall be assembled by persons familiar with 
the particular materials being used and in accordance with the 
manufacturer’s instructions and specifications. [24:10.3.5.1] 


10.3.5.2 All bolted joint accessories shall be cleaned and 
thoroughly coated with asphalt or other corrosion-retarding 
material after installation. [24:10.3.5.2] 


10.4 Depth of Cover. [24:10.4] 


10.4.1* The depth of cover over water pipes shall be deter- 
mined by the maximum depth of frost penetration in the lo- 
cality where the pipe is laid. [24:10.4.1] 


10.4.2 The top of the pipe shall be buried not less than 1 ft 
(0.3 m) below the frost line for the locality. [24:10.4.2] 


10.4.3 In those locations where frost is not a factor, the depth 
of cover shall be not less than 24% ft (0.8 m) to prevent me- 
chanical damage. [24:10.4.3] 
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Table 10.2.1(a) Fittings Materials and Dimensions 


Materials and Dimensions Standard 

Cast Iron 

Cast Iron Threaded Fittings, Class 125 and ASME B16.4 
250 

Cast Iron Pipe Flanges and Flanged Fittings ASME B16.1 

Malleable Iron 

Malleable Iron Threaded Fittings, Class 150 ASME B16.3 
and 300 

Steel 

Factory-Made Wrought Steel Buttweld Fittings ASME B16.9 

Buttwelding Ends for Pipe, Valves, Flanges, ASME B16.25 
and Fittings 

Specification for Piping Fittings of Wrought ASTM A 234 
Carbon Steel and Alloy Steel for Moderate 
and Elevated Temperatures 

Steel Pipe Flanges and Flanged Fittings ASME B16.5 

Forged Steel Fittings, Socket Welded and ASME B16.11 
Threaded 

Copper 

Wrought Copper and Bronze Solder Joint ASME B16.22 
Pressure Fittings 

Cast Bronze Solder Joint Pressure Fittings ASME B16.18 


(24: Table 10.2.1 (a) ] 


Table 10.2.1(b) Specially Listed Fittings Materials and 
Dimensions 


Materials and Dimensions Standard 
Chlorinated Polyvinyl Chloride (CPVC) ASTM F 437 
Specification for Schedule 80 CPVC 
Threaded Fittings 
Specification for Schedule 40 CPVC ASTM F 438 
Socket-Type Fittings 
Specification for Schedule 80 CPVC ASTM F 439 
Socket-Type Fittings 


(24: Table 10.2.1(b)] 


10.4.4 Pipe under driveways shall be buried a minimum of 
3 ft (0.9 m). [24:10.4.4] 


10.4.5 Pipe under railroad tracks shall be buried at a mini- 
mum of 4 ft (1.2 m). [24:10.4.5] 


10.4.6 The depth of cover shall be measured from the top of 
the pipe to finished grade, and due consideration shall always 
be given to future or final grade and nature of soil. [24:10.4.6] 


10.5 Protection Against Freezing. [24:10.5] 


10.5.1* Where it is impracticable to bury pipe, pipe shall be 
permitted to be laid aboveground, provided the pipe is pro- 
tected against freezing and mechanical damage. [24:10.5.1] 


10.5.2 Pipe shall be buried below the frost line where enter- 
ing streams and other bodies of water. [24:10.5.2] 
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10.5.3 Where pipe is laid in water raceways or shallow streams, 
care shall be taken that there will be sufficient depth of running 
water between the pipe and the frost line during all seasons of 
frost; a safer method is to bury the pipe 1 ft (0.3048 m) or more 
under the bed of the waterway. [24:10.5.3] 


10.5.4 Pipe shall be located at a distance from stream banks 
and embankment walls that prevents danger of freezing 
through the side of the bank. [24:10.5.4] 


10.6 Protection Against Damage. [24:10.6] 
10.6.1 Pipe shall not be run under buildings. [24:10.6.1] 


10.6.2 Where pipe must be run under buildings, special pre- 
cautions shall be taken, including the following: 


(1) Arching the foundation walls over the pipe 
(2) Running pipe in covered trenches 
(3) Providing valves to isolate sections of pipe under buildings 


[24:10.6.2] 


10.6.3 Fire service mains shall be permitted to enter the 
building adjacent to the foundation. [24:10.6.3] 


10.6.3.1 Where fire service mains enter the building adjacent 
to the foundation, the requirements of 10.6.2(2) and 10.6.2(3) 
shall not apply. 


10.6.4* Where adjacent structures or physical conditions 
make it impractical to locate risers immediately inside an ex- 
terior wall, such risers shall be permitted to be located to mini- 
mize underground piping under the building. [24:10.6.4] 


10.6.4.1 Where risers are located according to 10.6.4, the re- 
quirements of 10.6.2(2) and 10.6.2(3) shall not apply. 


10.6.5* Pipe joints shall not be located under foundation 
footings. 


10.6.6 Mains shall be subjected to an evaluation of the follow- 
ing specific loading conditions and protected, if necessary: 


(1) Mains running under railroads carrying heavy cargo 

(2) Mains running under large piles of heavy commodities 

(3) Mains located in areas that subject the main to heavy 
shock and vibrations 


[24:10.6.6] 


10.6.7* Where it is necessary to join metal pipe with pipe of dis- 
similar metal, the joint shall be insulated against the passage of 
an electric current using an approved method. [24:10.6.7] 


10.6.8* In no case shall the underground piping be used as a 
grounding electrode for electrical systems. 


10.6.8.1* The requirement of 10.6.8 shall not preclude the 
bonding of the underground piping to the lightning protec- 
tion grounding system as required by NFPA 780 in those cases 
where lightning protection is provided for the structure. 


10.7 Requirement for Laying Pipe [24:10.7] 


10.7.1 Pipes, valves, hydrants, gaskets, and fittings shall be 
inspected for damage when received and shall be inspected 
prior to installation. (See Figure 10.10.1.) [24:10.7.1] 


10.7.2 The torquing of bolted joints shall be checked. 
[24:10.7.2] 


10.7.3 Pipe, valves, hydrants, and fittings shall be clean in- 
side. [24:10.7.3] 
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10.7.4 When work is stopped, the open ends of pipe, valves, 
hydrants, and fittings shall be plugged to prevent stones and 
foreign materials from entering. [24:10.7.4] 


10.7.5 All pipe, fittings, valves, and hydrants shall be carefully 
lowered into the trench using appropriate equipment and 
carefully examined for cracks or other defects while sus- 
pended above the trench. [24:10.7.5] 


10.7.6 Plain ends shall be inspected for signs of damage prior 
to installation. [24:10.7.6] 


10.7.7 Under no circumstances shall water main materials be 
dropped or dumped. [24:10.7.7] 


10.7.8 Pipe shall not be rolled or skidded against other pipe 
materials. [24:10.7.8] 


10.7.9 Pipes shall bear throughout their full length and shall 
not be supported by the bell ends only or by blocks. [24:10.7.9] 


10.7.10 If ground is soft, or of a quicksand nature, special 
provisions shall be made for supporting pipe. [24:10.7.10] 


10.7.11 Valves and fittings used with nonmetallic pipe shall be 
properly supported and restrained in accordance with the 
manufacturer’s specifications. [24:10.7.11] 


10.8 Joint Restraint. [24:10.8] 
10.8.1 General. [24:10.8.1] 


10.8.1.1* All tees, plugs, caps, bends, reducers, valves, and hy- 
drant branches shall be restrained against movement by using 
thrust blocks in accordance with 10.8.2 or restrained joint sys- 
tems in accordance with 10.8.3. [24:10.8.1.1] 


10.8.1.2 Piping with fused, threaded, grooved, or welded 
joints shall not require additional restraining, provided that 
such joints can pass the hydrostatic test of 10.10.2.2 without 
shifting of piping or leakage in excess of permitted amounts. 
[24:10.8.1.2] 


10.8.1.3 Steep Grades. On steep grades, mains shall be addi- 
tionally restrained to prevent slipping. [24:10.8.1.3] 


10.8.1.3.1 Pipe shall be restrained at the bottom of a hill and 
at any turns (lateral or vertical). [24:10.8.1.3.1] 


10.8.1.3.2 The restraint specified in 10.8.1.3.1 shall be to 
natural rock or to suitable piers built on the downhill side of 
the bell. [24:10.8.1.3.2] 


10.38.1.3.3 Bell ends shall be installed facing uphill. 
(24:10.8.1.3.3) 


10.8.1.3.4 Straight runs on hills shall be restrained as deter- 
mined by the design engineer. [24:10.8.1.3.4] 


10.8.2* Thrust Blocks. [24:10.8.2] 


10.8.2.1 Thrust blocks shall be considered satisfactory where 
soil is suitable for their use. [24:10.8.2.1] 


10.8.2.2 Thrust blocks shall be of a concrete mix not leaner 
than one part cement, two and one-half parts sand, and five 
parts stone. [24:10.8.2.2] 


10.8.2.3 Thrust blocks shall be placed between undisturbed 
earth and the fitting to be restrained and shall be capable of 
resisting the calculated thrust forces. [24:10.8.2.3] 


10.8.2.4 Wherever possible, thrust blocks shall be placed so 
that the joints are accessible for repair. [24:10.8.2.4] 


10.8.3* Restrained Joint Systems. Fire mains utilizing re- 
strained joint systems shall include one or more of the following: 
(1) Locking mechanical or push-on joints 

(2) Mechanical joints utilizing setscrew retainer glands 

(3) Bolted flange joints 

(4) Heat-fused or welded joints 

(5) Pipe clamps and tie rods 

(6) Other approved methods or devices 


[24:10.8.3] 

10.8.3.1 Sizing Clamps, Rods, Bolts, and Washers. [24:10.8.3.1] 
10.8.3.1.1 Clamps. [24:10.8.3.1.1] 

10.8.3.1.1.1 Clamps shall have the following dimensions: 


(1) %2 in. x 2 in. (12.7 mm x 50.8 mm) for pipe 4 in. to 6 in. 
(2) in. x 24% in. (15.9 mm x 63.5 mm) for pipe 8 in. to 10 in. 
(3) ¥%in. x 3 in. (15.9 mm x 76.2 mm) for 12 in. pipe 


[24:10.8.3.1.1.1] 


10.8.3.1.1.2 The diameter of a bolt hole shall be Me in. 
(1.6 mm) larger than that of the corresponding bolts. 
[24:10.8.3.1.1.2] 


10.8.3.1.2 Rods. [24:10.8.3.1.2] 


10.8.3.1.2.1 Rods shall be not less than % in. (15.9 mm) in 
diameter. [24:10.8.3.1.2.1] 


10.8.3.1.2.2 Table 10.8.3.1.2.2 provides numbers of various 
diameter rods that shall be used for a given pipe size. 
(24:10.8.3.1.2.2) 


Table 10.8.3.1.2.2 Rod Number — Diameter Combinations 
Nominal 
Pipe Size 5% in. 34 in. sin. lin. 


(in.) (15.9mm) (19.1 mm) (22.2mm) (25.4 mm) 


4 
6 
8 
10 
12 
14 
16 1 


S MOwKNIN 
IN YUK 010 | 
or oo ro | 
moors | | 


Note: This table has been derived using pressure of 225 psi (15.5 bar) 
and design stress of 25,000 psi (172.4 MPa). 
[24: Table 10.8.3.1.2.2] 


10.3.3.1.2.3 When using bolting rods, the diameter of me- 
chanical joint bolts shall limit the diameter of rods to Y4 in. 
(19.1 mm). [24:10.8.3.1.2.3] 


10.8.3.1.2.4 Threaded sections of rods shall not be formed or 
bent. [24:10.8.3.1.2.4] 


10.8.3.1.2.5 Where using clamps, rods shall be used in pairs 
for each clamp. [24:10.8.3.1.2.5] 


10.8.3.1.2.6 Assemblies in which a restraint is made by means 
of two clamps canted on the barrel of the pipe shall be permit- 
ted to use one rod per clamp if approved for the specific instal- 
lation by the authority having jurisdiction. [24:10.8.3.1.2.6] 
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10.8.3.1.2.7 Where using combinations of rods, the rods shall 
be symmetrically spaced. [24:10.8.3.1.2.7] 


10.8.3.1.3 Clamp Bolts. Clamp bolts shall have the following 
diameters: 


(1) %in. (15.9 mm) for pipe 4 in., 6 in., and 8 in. 
(2) % in. (19.1 mm) for pipe 10 in. 
(3) % in. (22.2 mm) for 12 in. pipe 


[24:10.8.3.1.3] 
10.8.3.1.4 Washers. [24:10.8.3.1.4] 


10.8.3.1.4.1 Washers shall be permitted to be cast iron or 
steel and round or square. [24:10.8.3.1.4.1] 


10.8.3.1.4.2 Cast-iron washers shall have the following di- 
mensions: 


(1) %in. x 3in. (15.9 mm x 76.2 mm) for 4in., 6in., 8 in., and 
10 in. pipe 
(2) %in. x 3% in. (19.1 mm x 88.9 mm) for 12 in. pipe 


[24:10.8.3.1.4.2] 


10.8.3.1.4.3 Steel washers shall have the following dimen- 
sions: 


(1) %in. x 3 in. (12.7 mm x 76.2 mm) for 4 in., 6 in., 8 in., and 
10 in. pipe 
(2) Yin. x 3% in. (12.7 mm x 88.9 mm) for 12 in. pipe 


[24:10.8.3.1.4.3] 


10.8.3.1.4.4 The diameter of holes shall be % in. (3.2 mm) 
larger than that of rods. [24:10.8.3.1.4.4] 


10.8.3.2 Sizes of Restraint Straps for Tees. [24:10.8.3.2] 


10.8.3.2.1 Restraint straps for tees shall have the following 
dimensions: 


(1) % in. (15.9 mm) thick and 2% in. (63.5 mm) wide for 
4 in., 6 in., 8 in., and 10 in. pipe 

(2) %in. (15.9 mm) thick and 3 in. (76.2 mm) wide for 12 in. 
pipe 

(24:10.8.3.2.1) 


10.3.3.2.2 The diameter of rod holes shall be Vic in. (1.6 mm) 
larger than that of rods. [24:10.8.3.2.2] 


Table 10.8.3.2.3 Restraint Straps for Tees 


10.8.3.2.3 Figure 10.8.3.2.3 and Table 10.8.3.2.3 shall be used 
in sizing the restraint straps for both mechanical and push-on 
joint tee fittings. [24:10.8.3.2.3] 


< A >| 


< B >| 
Rod hole 
Rod hole 
D C 


FIGURE 10.8.3.2.3 Restraint Straps for Tees. [24:Figure 
10.8.3.2.3] 


10.8.3.3 Sizes of Plug Strap for Bell End of Pipe. [24:10.8.3.3] 


10.8.3.3.1 Strap shall be % in. (19.1 mm) thick and 214 in. 
(63.5 mm) wide. [24:10.8.3.3.1] 


10.8.3.3.2 The strap length shall be the same as dimension A 
for tee straps as shown in Figure 10.8.3.2.3. [24:10.8.3.3.2] 


10.8.3.3.3 The distance between the centers of rod holes 


shall be the same as dimension B for tee straps as shown in 
Figure 10.8.3.2.3. [24:10.8.3.3.3] 


10.8.3.4 Material. Clamps, rods, rod couplings or turnbuck- 
les, bolts, washers, restraint straps, and plug straps shall be of a 
material that has physical and chemical characteristics that 
indicate its deterioration under stress can be predicted with 
reliability. [24:10.8.3.4] 


10.8.3.5* Corrosion Resistance. After installation, rods, nuts, 
bolts, washers, clamps, and other restraining devices shall be 
cleaned and thoroughly coated with a bituminous or other 
acceptable corrosion-retarding material. [24:10.8.3.5] 


10.9 Backfilling. [24:10.9] 
10.9.1 Backfill shall be tamped in layers or puddled under 
and around pipes to prevent settlement or lateral movement 


and shall contain no ashes, cinders, refuse, organic matter, or 
other corrosive materials. [24:10.9.1] 


10.9.2 Rocks shall not be placed in trenches. [24:10.9.2] 
10.9.3 Frozen earth shall not be used for backfilling. [24:10.9.3] 


10.9.4 In trenches cut through rock, tamped backfill shall be 
used for at least 6 in. (150 mm) under and around the pipe 
and for at least 2 ft (0.6 m) above the pipe. [24:10.9.4] 


A B Cc D 
Nominal Pipe 

Size (in.) in. mm in. mm in. mm in. mm 

4 12% 318 10% 257 2% 64 1% 44 

6 14% 368 12% 308 36 90 2116 71 

8 1674 425 14% 365 42129 118 37%e2 99 

10 196 484 1616 424 574 146 5 127 

12 2216 567 19%6 487 6% 171 5% 149 


(24: Table 10.8.3.2.3] 
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10.10 Testing and Acceptance. [24:10.10] 


10.10.1 Approval of Underground Piping. The installing con- 
tractor shall be responsible for the following: 


(1) Notifying the authority having jurisdiction and the own- 
er’s representative of the time and date testing is to be 
performed 

(2) Performing all required acceptance tests 

(3) Completing and signing the contractor’s material and test 
certificate(s) shown in Figure 10.10.1. 


[24:10.10.1] 
10.10.2 Acceptance Requirements. [24:10.10.2] 
10.10.2.1* Flushing of Piping. [24:10.10.2.1] 


10.10.2.1.1 Underground piping, from the water supply to 
the system riser, and lead-in connections to the system riser 
shall be completely flushed before connection is made to 
downstream fire protection system piping. [24:10.10.2.1.1] 


10.10.2.1.2 The flushing operation shall be continued for a 
sufficient time to ensure thorough cleaning. [24:10.10.2.1.2] 


10.10.2.1.3 The minimum rate of flow shall be not less than 
one of the following: 


(1) Hydraulically calculated water demand rate of the system, 
including any hose requirements 

(2) Flow necessary to provide a velocity of 10 ft/sec (3.1 m/sec) 
in accordance with Table 10.10.2.1.3 

(3) Maximum flow rate available to the system under fire 
conditions 


[24:10.10.2.1.3] 


10.10.2.1.4 Provision shall be made for the proper disposal of 
water used for flushing or testing. [24: Table 10.10.2.1.3] 


10.10.2.2 Hydrostatic Test. [24:10.10.2.2] 


10.10.2.2.1* All piping and attached appurtenances subjected 
to system working pressure shall be hydrostatically tested at 
200 psi (13.8 bar) or 50 psi (3.5 bar) in excess of the system 
working pressure, whichever is greater, and shall maintain 
that pressure +5 psi for 2 hours. [24:10.10.2.2.1] 


10.10.2.2.2 Pressure loss shall be determined by a drop in 
gauge pressure or visual leakage. [24:10.10.2.2.2] 


10.10.2.2.3 The test pressure shall be read from one of the 
following, located at the lowest elevation of the system or the 
portion of the system being tested: [24:10.10.2.2.3] 


(1) A gauge located at one of the hydrant outlets 
(2) Agauge located at the lowest point where no hydrants are 
provided 


10.10.2.2.4* The trench shall be backfilled between joints be- 
fore testing to prevent movement of pipe. 


10.10.2.2.5 Where required for safety measures presented by 
the hazards of open trenches, the pipe and joints shall be per- 
mitted to be backfilled, provided the installing contractor 
takes the responsibility for locating and correcting leakage. 


10.10.2.2.6* Hydrostatic Testing Allowance. Where additional 
water is added to the system to maintain the test pressures 
required by 10.10.2.2.1, the amount of water shall be mea- 
sured and shall not exceed the limits of Table 10.10.2.2.6 
which is based upon the following equation: 


U.S. Customary Units: 


L= SDP [10.10.2.2.6(a)] 
148,000 
where: 
L = testing allowance (makeup water), in gallons per 
hour 


S = length of pipe tested, feet 

D = nominal diameter of the pipe, in inches 

P = average test pressure during the hydrostatic test, 
in pounds per square inch (gauge) 


Metric Units: 


SDP 


(10.10.2.2.6(b)1 


L=—— 
794,797 
where: 
L = testing allowance (makeup water), in liters per 
hour 


S = length of pipe tested, meters 

D = nominal diameter of the pipe, in millimeters 

P = average test pressure during the hydrostatic test, 
in kPa 
[24:10.10.2.2.4] 


10.10.2.3 Other Means of Hydrostatic Tests. Where required 
by the authority having jurisdiction, hydrostatic tests shall be per- 
mitted to be completed in accordance with the requirements of 
AWWA C600, AWWA C602, AWWA C603, and AWWA C900. 
[24:10.10.2.3] 


10.10.2.4 Operating Test. [24:10.10.2.4] 


10.10.2.4.1 Each hydrant shall be fully opened and closed 
under system water pressure. [24:10.10.2.4.1] 


10.10.2.4.2 Dry barrel hydrants shall be checked for proper 
drainage. [24:10.10.2.4.2] 


10.10.2.4.3 All control valves shall be fully closed and opened 
under system water pressure to ensure proper operation. 


[24:10.10.2.4.3] 


10.10.2.4.4 Where fire pumps are available, the operating 
tests required by 10.10.2.4 shall be completed with the pumps 
running. [24:10.10.2.4.4] 


10.10.2.5 Backflow Prevention Assemblies. [24:10.10.2.5] 


10.10.2.5.1 The backflow prevention assembly shall be for- 
ward flow tested to ensure proper operation. [24:10.10.2.5.1] 


10.10.2.5.2 The minimum flow rate required by 10.10.2.5.1 
shall be the system demand, including hose stream demand 
where applicable. [24:10.10.2.5.2] 
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Contractor’s Material and Test Certificate for Underground Piping 


PROCEDURE 
Upon completion of work, inspection and tests shall be made by the contractor’s representative and witnessed by an owner’s 
representative. All defects shall be corrected and system left in service before contractor’s personnel finally leave the job. 


A certificate shall be filled out and signed by both representatives. Copies shall be prepared for approving authorities, owners, and 
contractor. It is understood the owner’s representative’s signature in no way prejudices any claim against contractor for faulty material, poor 
workmanship, or failure to comply with approving authority’s requirements or local ordinances. 


Property name Date 


Property address 


Accepted by approving authorities (names) 


Address 


Installation conforms to accepted plans 


Equipment used is approved 
If no, state deviations 


Has person in charge of fire equipment been instructed as to location of 
control valves and care and maintenance of this new equipment? 
If no, explain 


Instructions 


Have copies of appropriate instructions and care and maintenance 
charts been left on premises? 
If no, explain 


Location Supplies buildings 


Pipe types and class | Type joint 


Pipe conforms to _____________ standard 
Fittings conform to standard 


Underground If no, explain 


pipes and joints 


Joints needing anchorage clamped, strapped, or blocked in 


accordance with ———————— standard 
If no, explain 


Flushing: Flow the required rate until water is clear as indicated by no collection of foreign material in burlap bags at outlets such as 
hydrants and blow-offs. Flush at flows not less than 390 gpm (1476 L/min) for 4 in. pipe, 880 gpm (3331 L/min) for 6 in. pipe, 1560 gpm 
(5905 L/min) for 8 in. pipe, 2440 gpm (9235 L/min) for 10 in. pipe, and 3520 gpm (13,323 L/min) for 12 in. pipe. When supply cannot 
produce stipulated flow rates, obtain maximum available. 

Hydrostatic: All piping and attached appurtenances subjected to system working pressure shall be hydrostatically tested at 200 psi 
(13.8 bar) or 50 psi (3.4 bar) in excess of the system working pressure, whichever is greater, and shall maintain that pressure + 5 psi 
for 2 hours. 

Hydrostatic Testing Allowance: Where additional water is added to the system to maintain the test pressures required by 10.10.2.2.1, 
the amount of water shall be measured and shall not exceed the limits of the following equation (For metric equation, see 10.10.2.2.4): 


testing allowance (makeup water), in gallons per hour 

length of pipe tested, in feet 

nominal diameter of the pipe, in inches 

average test pressure during the hydrostatic test, in pounds per square inch (gauge) 


Test 
description 


New underground piping flushed according to LJ Yes m No 
——————— standard by (company) 
If no, explain 


How flushing flow was obtained Through what type opening 
LJ Public water m Tank or reservoir m Fire pump m Hydrant butt m Open pipe 


Flushing 
tests Lead-ins flushed according to —————————— standard by (company) LJ Yes LJ No 


If no, explain 


How flushing flow was obtained Through what type opening 


Ly Public water Ly Tank or reservoir | Fire pump Lj Y connection to flange E Open pipe 
and spigot 
© 2009 National Fire Protection Association NFPA 13 (p. 1 of 2) 


FIGURE 10.10.1 Sample of Contractor’s Material and Test Certificate for Underground Piping. [24: Figure 10.10.1] 
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All new underground piping hydrostatically tested at niEes 
Hydrostatic w underground piping hny ically 


test — psi for — —— [d Yes LJ No 
Total amount of leakage measured 


gallons 


Leakage 
test Allowable leakage 


gallons 


Number installed Type and make All operate satisfactorily 
Hydrants J Yes 


Water control valves left wide open 


If no, state reason 
Control 


valves 


Hose threads of fire department connections and hydrants interchangeable with 
those of fire department answering alarm 


Date left in service 


Remarks 


Name of installing contractor 


Tests witnessed by 


Signatures For property owner (signed) Title 


For installing contractor (signed) 


Additional explanation and notes 


© 2009 National Fire Protection Association NFPA 13 (p. 2 of 2) 


FIGURE 10.10.1 Continued 
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Table 10.10.2.1.3 Flow Required to Produce a Velocity of 
10 ft/sec (3 m/sec) in Pipes 


Pipe Size Flow Rate 
in. mm gpm L/min 
4 102 390 1476 
6 152 880 3331 
8 203 1560 5905 
10 254 2440 9235 
12 305 3520 13323 


(24: Table 10.10.2.1.3] 


Table 10.10.2.2.6 Hydrostatic Testing Allowance at 200 psi 
per 100 ft of Pipe 


Nominal Pipe Diameter Testing Allowance in gallons per 
(in.) hour (gph) per 100 ft of Pipe 


2 0.019 
4 0.038 
6 0.057 
8 0.076 
10 0.096 
12 0.115 
14 0.134 
16 0.153 
18 0.172 
20 0.191 
24 0.229 


For SI units, 1 in. = 25.4 mm; 1 ft = 305 mm. 

Notes: 

(1) For other length, diameters, and pressures, Equation 10.10.2.2.4 
shall be permitted to be utilized to determine the appropriate testing 
allowance. 

(2) For test sections that contain various sizes and sections of pipe, the 
testing allowance shall be based upon the sum of the testing allow- 
ances for each size and section. 


(24: Table 10.] 


Chapter 11 Design Approaches 


11.1 General. The requirements of Section 11.1 shall apply to 
all sprinkler systems unless modified by a specific section of 
Chapter 11 or Chapter 12. 


11.1.1 A building or portion thereof shall be permitted to be 
protected in accordance with any applicable design basis at 
the discretion of the designer. 


11.1.2* Adjacent Hazards or Design Methods. For buildings 
with two or more adjacent hazards or design methods, the 
following shall apply: 


(1) Where areas are not physically separated by a barrier or 
partition capable of delaying heat from a fire in one area 
from fusing sprinklers in the adjacent area, the required 
sprinkler protection for the more demanding design basis 
shall extend 15 ft (4.6 m) beyond its perimeter. 

(2) The requirements of 11.1.2(1) shall not apply where the 
areas are separated by a barrier partition that is capable of 
preventing heat from a fire in one area from fusing sprin- 
klers in the adjacent area. 
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11.1.3 For hydraulically calculated systems, the total system 
water supply reguirements for each design basis shall be deter- 
mined in accordance with the procedures of Section 22.4 un- 
less modified by a section of Chapter 11 or Chapter 12. 


11.1.4 Water Demand. 


11.1.4.1* The water demand requirements shall be deter- 
mined from the following: 


(1) Occupancy hazard fire control approach and special de- 
sign approaches of Chapter 11 

(2) Storage design approaches of Chapter 12 through Chap- 
ter 20 

(3) Special occupancy approaches of Chapter 21 


11.1.4.2* The minimum water demand requirements for a 
sprinkler system shall be determined by adding the hose 
stream allowance to the water demand for sprinklers. 


11.1.5 Water Supplies. 


11.1.5.1 The minimum water supply shall be available for the 
minimum duration specified in Chapter 11. 


11.1.5.2* Tanks shall be sized to supply the equipment that 
they serve. 


11.1.5.3* Pumps shall be sized to supply the equipment that 
they serve. 


11.1.6 Hose Allowance. 


11.1.6.1 An allowance for inside and outside hose shall not be 
required where tanks supply sprinklers only. 


11.1.6.2 Systems with Multiple Hazard Classifications. For sys- 
tems with multiple hazard classifications, the hose stream al- 
lowance and water supply duration shall be in accordance with 
one of the following: 


(1) The water supply requirements for the highest hazard 
classification within the system 

(2) The water supply requirements for each individual hazard 
classification shall be used in the calculations for the de- 
sign area for that hazard. 

(3)*For systems with multiple hazard classifications where the 
higher classification only lies within single rooms less than 
or equal to 400 ft? (37.2 m”) in area with no such rooms 
adjacent, the water supply requirements for the principal 
occupancy shall be used for the remainder of the system. 


11.1.6.3 Where pumps taking suction from a private fire 
service main supply sprinklers only, the pump need not be 
sized to accommodate inside and outside hose. Such hose 
allowance shall be considered in evaluating the available 
water supplies. 


11.1.6.4* Water allowance for outside hose shall be added to 
the sprinkler requirement at the connection to the city main 
or a private fire hydrant, whichever is closer to the system riser. 


11.1.6.5 Where inside hose connections are planned or are 
required, the following shall apply: 


(1) A total water allowance of 50 gpm (189 L/min) for a 
single hose connection installation shall be added to the 
sprinkler requirements. 
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(2) A total water allowance of 100 gpm (379 L/min) for a Table 11.2.2.1 Water Supply Requirements for Pipe 

multiple hose connection installation shall be added to Schedule Sprinkler Systems 

the sprinkler requirements. 
(3) The water allowance shall be added in 50 gpm (189 L/min) Minimum Acceptable Flow at 

increments beginning at the most remote hose connection, Residual Base of Riser 

with each increment added at the pressure required by the Pressure (Including Hose 

sprinkler system design at that point. Occupancy Required Stream Allowance) Durian 
11.1.6.6* When hose valves for fire department use are at- Classification psi bar spm L/min (minutes) 
tached to wet pipe sprinkler system risers in accordance with Light hazard 15 1 500-750 1893-2839 30-60 
8.17.5.2, the following shall apply: Ordinary 20 14 850-1500 3218-5678 60-90 

hazard 


(1) The sprinkler system demand shall not be required to be 
added to standpipe demand as determined from NFPA 14, 
Standard for the Installation of Standpipe and Hose Systems. 

(2) Where the combined sprinkler system demand and hose 
stream allowance of Table 11.2.3.1.2 exceeds the require- 
ments of NFPA 14, Standard for the Installation of Standpipe 
and Hose Systems, this higher demand shall be used. 

(3) For partially sprinklered buildings, the sprinkler demand, 
not including hose stream allowance, as indicated in Fig- 
ure 11.2.3.1.1 shall be added to the requirements given in 
NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems. 


11.1.7* High Volume Low Speed (HVLS) Fans. (Reserved) 
11.2 Occupancy Hazard Fire Control Approach. 
11.2.1 General. 


11.2.1.1* The water demand requirements shall be determined 
by either the pipe schedule method in accordance with 11.2.2 or 
the hydraulic calculation method in accordance with 11.2.3. 


11.2.1.2 Occupancy Classifications. 


11.2.1.2.1 Occupancy classifications for this standard shall re- 
late to sprinkler installations and their water supplies only. 


11.2.1.2.2 Occupancy classifications shall not be used as a 
general classification of occupancy hazards. 


11.2.1.2.3 Occupancies or portions of occupancies shall be 
classified according to the quantity and combustibility of con- 
tents, the expected rates of heat release, the total potential for 
energy release, the heights of stockpiles, and the presence of 
flammable and combustible liquids, using the definitions con- 
tained in Section 5.2 through Section 5.5. Classifications shall 
be as follows: 


(1) Light hazard 

(2) Ordinary hazard (Groups 1 and 2) 

(3) Extra hazard (Groups 1 and 2) 

(4) Special occupancy hazard (see Chapter 21) 


11.2.2 Water Demand Requirements — Pipe Schedule Method. 


11.2.2.1 Table 11.2.2.1 shall be used in determining the mini- 
mum water supply requirements for light and ordinary hazard 
occupancies protected by systems with pipe sized according to 
the pipe schedules of Section 22.5. 


11.2.2.2 Pressure and flow requirements for extra hazard oc- 
cupancies shall be based on the hydraulic calculation methods 
of 11.2.3. 


11.2.2.3 The pipe schedule method shall be permitted as 
follows: 


(1) Additions or modifications to existing pipe schedule sys- 
tems sized according to the pipe schedules of Section 22.5 


(2) Additions or modifications to existing extra hazard pipe 
schedule systems 

(3) New systems of 5000 ft? (465 m”) or less 

(4) New systems exceeding 5000 ft? (465 m?) where the flows 
required in Table 11.2.2.1 are available at a minimum re- 
sidual pressure of 50 psi (3.4 bar) at the highest elevation 
of sprinkler 


11.2.2.4 Table 11.2.2.1 shall be used in determining the mini- 
mum water supply requirements. 


11.2.2.5 The lower duration value of Table 11.2.2.1 shall be 
acceptable only where the sprinkler system waterflow alarm 
device(s) and supervisory device(s) are electrically supervised 
and such supervision is monitored at an approved, constantly 
attended location. 


11.2.2.6* Residual Pressure. 


11.2.2.6.1 The residual pressure requirement of Table 11.2.2.1 
shall be met at the elevation of the highest sprinkler. 


11.2.2.6.2 When backflow prevention valves are installed on 
pipe schedule systems, the friction losses of the device shall be 
accounted for when determining acceptable residual pressure 
at the top level of sprinklers. The friction loss of this device [in 
psi (bar) J shall be added to the elevation loss and the residual 
pressure at the top row of sprinklers to determine the total 
pressure needed at the water supply. 


11.2.2.7 The lower flow figure of Table 11.2.2.1 shall be per- 
mitted only where the building is of noncombustible construc- 
tion or the potential areas of fire are limited by building size or 
compartmentation such that no open areas exceed 3000 ft? 
(279 m”) for light hazard or 4000 ft? (372 m”) for ordinary 
hazard. 


11.2.3 Water Demand Requirements — Hydraulic Calculation 
Methods. 


11.2.3.1 General. 


11.2.3.1.1 The water supply for sprinklers shall be deter- 
mined only from one of the following, at the discretion of the 
designer: 


(1) Density/area curves of Figure 11.2.3.1.1 in accordance 
with the density/area method of 11.2.3.2 

(2) The room that creates the greatest demand in accordance 
with the room design method of 11.2.3.3 

(3) Special design areas in accordance with 11.2.3.4 


11.2.3.1.2 The minimum water supply shall be available for 
the minimum duration specified in Table 11.2.3.1.2. 
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FIGURE 11.2.3.1.1 Density/Area Curves. 


Table 11.2.3.1.2 Hose Stream Allowance and Water Supply 
Duration Requirements for Hydraulically Calculated Systems 


Total 
Combined 
Inside and 
Inside Hose Outside Hose 
Duration 
Occupancy | gpm L/min | gpm | L/min | (minutes) 
Light 0, 50, or | 0, 189, 100 379 30 
hazard 100 or 379 
Ordinary 0, 50, or | 0, 189, 250 946 60-90 
hazard 100 or 379 
Extra 0,50, or 0, 189, 500 1893 90-120 
hazard 100 or 379 


11.2.3.1.3 The lower duration values in Table 11.2.3.1.2 shall 
be permitted where the sprinkler system waterflow alarm de- 
vice(s) and supervisory device(s) are electrically supervised 
and such supervision is monitored at an approved, constantly 
attended location. 


11.2.3.1.4 Restrictions. When either the density/area method 
or room design method is used, the following shall apply: 


(1)*For areas of sprinkler operation less than 1500 ft? (139 m°) 
used for light and ordinary hazard occupancies, the density 
for 1500 ft? (139 m?) shall be used. 

(2) For areas of sprinkler operation less than 2500 ft? (232 m°) 
for extra hazard occupancies, the density for 2500 ft 
(232 me) shall be used. 

(3)*Unless the requirements of 11.2.3.1.4(4) are met for 
buildings having unsprinklered combustible concealed 
spaces, as described in 8.15.1.2 and 8.15.6, the minimum 
area of sprinkler operation for that portion of the build- 
ing shall be 3000 ft? (279 m”). The design area of 3000 ft” 
(279 m°) shall be applied only to the sprinkler system or 
portions of the sprinkler system that are adjacent to the 
qualifying combustible concealed space. 
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(4)*The following unsprinklered concealed spaces shall not 
require a minimum area of sprinkler operation of 3000 ft? 


(279 m2): 


(a) Noncombustible and limited-combustible concealed 
spaces with minimal combustible loading having no 
access. The space shall be considered a concealed 
space even with small openings such as those used as 
return air for a plenum. 

(b) Noncombustible and limited-combustible concealed 

spaces with limited access and not permitting occu- 

pancy or storage of combustibles. The space shall be 
considered a concealed space even with small open- 
ings such as those used as return air for a plenum. 

(c) Combustible concealed spaces filled entirely with 

noncombustible insulation. 


(d)*Light or ordinary hazard occupancies where non- 
combustible or limited-combustible ceilings are di- 
rectly attached to the bottom of solid wood joists or 
solid limited-combustible construction or noncom- 
bustible construction so as to create enclosed joist 
spaces 160 ft? (4.5 m) or less in volume, including 
space below insulation that is laid directly on top or 
within the ceiling joists in an otherwise sprinklered 
concealed space. 

(e) Concealed spaces where rigid materials are used and 

the exposed surfaces have a flame spread index of 25 

or less and the materials have been demonstrated to 

not propagate fire more than 10.5 ft (3.2 m) when 
tested in accordance with ASTM E 84, Standard Test 

Method of Surface Burning Characteristics of Building Ma- 

terials, or ANSI/UL 723, Standard for Test for Surface 

Burning Characteristics of Building Materials, extended 

for an additional 20 minutes in the form in which 

they are installed in the space. 


(f) Concealed spaces in which the exposed materials are 
constructed entirely of fire-retardant treated wood as 
defined by NFPA 703, Standard for Fire Retardant- 
Treated Wood and Fire-Retardant Coatings for Building 
Materials. 

(g) 


Concealed spaces over isolated small rooms not ex- 
ceeding 55 ft? (5.1 m?) in area. 
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(h) Vertical pipe chases under 10 ft? (0.93 m?), provided 
that in multifloor buildings the chases are fir- 
estopped at each floor using materials equivalent to 
the floor construction and where such pipe chases 
shall contain no sources of ignition, piping shall be 
noncombustible, and pipe penetrations at each floor 
shall be properly sealed. 

(i) Exterior columns under 10 ft? (0.93 m?) in area formed 
by studs or wood joists, supporting exterior canopies 
that are fully protected with a sprinkler system. 

(j)*Light or ordinary hazard occupancies where non- 
combustible or limited-combustible ceilings are at- 
tached to the bottom of composite wood joists either 
directly or on to metal channels not exceeding 1 in. 
(25.4 mm) in depth, provided the adjacent joist chan- 
nels are firestopped into volumes not exceeding 
160 ft? (4.5 m?) using materials equivalent to "4 in. 
(12.7 mm) gypsum board and at least 3% in. (90 mm) 
of batt insulation is installed at the bottom of the joist 
channels when the ceiling is attached utilizing metal 
channels. 


11.2.3.2 Density/Area Method. 
11.2.3.2.1 Water Supply. 


11.2.3.211 The water supply requirement for sprinklers 
only shall be calculated from the density/area curves of Fig- 
ure 11.2.3.1.1 or from Chapter 21 where density/area crite- 
ria are specified for special occupancy hazards. 


11.2.3.2.1.2 When using Figure 11.2.3.1.1, the calculations shall 
satisfy any single point on the appropriate density/area curve. 


11.2.3.2.1.3 When using Figure 11.2.3.1.1, it shall not be nec- 
essary to meet all points on the selected curves. 


11.2.3.2.2 Sprinklers. 


11.2.3.2.2.1 The densities and areas provided in Fig- 
ure 11.2.3.1.1 shall be for use only with spray sprinklers. 


11.2.3.2.2.2 Quick-response sprinklers shall not be permitted 
for use in extra hazard occupancies or other occupancies 
where there are substantial amounts of flammable liquids or 
combustible dusts. 


11.2.3.2.2.3 For extended coverage sprinklers, the minimum 
design area shall be that corresponding to the hazard in Fig- 
ure 11.2.3.1.1 or the area protected by five sprinklers, which- 
ever is greater. 


11.2.3.2.2.4 Extended coverage sprinklers shall be listed with 
and designed for the minimum flow corresponding to the 
density for the hazard as specified in Figure 11.2.3.1.1. 


11.2.3.2.3 Quick-Response Sprinklers. 


11.2.3.2.3.1 Where listed quick-response sprinklers, includ- 
ing extended coverage quick-response sprinklers, are used 
throughout a system or portion of a system having the same 
hydraulic design basis, the system area of operation shall be 
permitted to be reduced without revising the density as indi- 
cated in Figure 11.2.3.2.3.1 when all of the following condi- 
tions are satisfied: 


(1) Wet pipe system 

(2) Light hazard or ordinary hazard occupancy 

(3) 20 ft (6.1 m) maximum ceiling height 

(4) There are no unprotected ceiling pockets as allowed by 
8.6.7 and 8.8.7 exceeding 32 ft? (3 m?) 


wo 
fo) 


Percent reduction to design area 
N 
oO 


X-axis 
10 20 


Ceiling height (ft) 


Note: y= te 55 


For ceiling height >10 ft and <20 tt, y=—3% + 55 


For ceiling height <10 ft, y= 40 
For ceiling height >20, y=0 
For SI units, 1 ft = 0.31 m. 


FIGURE 11.2.3.2.3.1 Design Area Reduction for Quick- 
Response Sprinklers. 


11.2.3.2.3.2 The number of sprinklers in the design area shall 
never be less than five. 


11.2.3.2.3.3 Where quick-response sprinklers are used on a 
sloped ceiling or roof, the maximum ceiling or roof height shall 
be used for determining the percent reduction in design area. 


11.2.3.2.4 Sloped Ceilings. The system area of operation shall 
be increased by 30 percent without revising the density when 
the following types of sprinklers are used on sloped ceilings 
with a pitch exceeding 1 in 6 (a rise of 2 units in a run of 
12 units, a roof slope of 16.7 percent) in nonstorage applica- 
tions: 


(1) Spray sprinklers, including extended coverage sprinklers 
listed in accordance with 8.4.3(4), and quick-response 
sprinklers 

(2) CMSA sprinklers 


11.2.3.2.5* Dry Pipe and Double Interlock Preaction Systems. 
For dry pipe systems and double interlock preaction systems, 
the area of sprinkler operation shall be increased by 30 per- 
cent without revising the density. 


11.2.3.2.6 High-Temperature Sprinklers. Where high- 
temperature sprinklers are used for extra hazard occupan- 
cies, the area of sprinkler operation shall be permitted to be 
reduced by 25 percent without revising the density, but not 
to less than 2000 ft? (186 m°). 


11.2.3.2.7* Multiple Adjustments. 


11.2.3.2.7.1 Where multiple adjustments to the area of opera- 
tion are required to be made in accordance with 11.2.3.2.3, 
11.2.3.2.4, 11.2.3.2.5, or 11.2.3.2.6, these adjustments shall be 
compounded based on the area of operation originally se- 
lected from Figure 11.2.3.1.1. 


11.2.3.2.7.2 If the building has unsprinklered combustible 
concealed spaces, the rules of 11.2.3.1.4 shall be applied after 
all other modifications have been made. 
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11.2.3.3 Room Design Method. 


11.2.3.3.1* The water supply requirements for sprinklers only 
shall be based upon the room that creates the greatest demand. 


11.2.3.3.2 The density selected shall be that from Fig- 
ure 11.2.3.1.1 corresponding to the occupancy hazard classifi- 
cation and room size. 


11.2.3.3.3 To utilize the room design method, all rooms shall 
be enclosed with walls having a fire-resistance rating equal to 
the water supply duration indicated in Table 11.2.3.1.2. 


11.2.3.3.4 If the room is smaller than the area specified in 
Figure 11.2.3.1.1, the provisions of 11.2.3.1.4(1) and 
11.2.3.1.4(2) shall apply. 


11.2.3.3.5 Minimum protection of openings shall be as fol- 
lows: 


(1) Light hazard — Nonrated automatic or self-closing doors. 

(2) Light hazard with no opening protection — Where open- 
ings are not protected, calculations shall include the 
sprinklers in the room plus two sprinklers in the commu- 
nicating space nearest each such unprotected opening 
unless the communicating space has only one sprinkler, 
in which case calculations shall be extended to the opera- 
tion of that sprinkler. The selection of the room and com- 
municating space sprinklers to be calculated shall be that 
which produces the greatest hydraulic demand. For light 
hazard occupancies with unprotected openings in walls, a 
minimum lintel of depth of 8 in. (203 mm) is required for 
openings and the opening shall not exceed 8 ft (2.44 m) 
in width. It shall be permitted to have a single opening of 
36 in. (914 mm) or less without a lintel, provided there 
are no other openings to adjoining spaces. 

(3) Ordinary and extra hazard — Automatic or self-closing 
doors with appropriate fire resistance ratings for the 
enclosure. 


11.2.3.3.6 Where the room design method is used and the 
area under consideration is a corridor protected by a single 
row of sprinklers with protected openings in accordance with 
11.2.3.3.5, the maximum number of sprinklers that needs to 
be calculated is five or when extended coverage sprinklers are 
installed, all sprinklers contained within 75 linear feet 
(22.9 linear meters) of corridor. 


11.2.3.3.7 Where the area under consideration is a corridor 
protected by a single row of sprinklers with unprotected open- 
ings, in a light hazard occupancy, the design area shall include 
all sprinklers in the corridor to a maximum of five, or when 
extended coverage sprinklers are installed, all sprinklers 
within 75 linear feet (22.9 linear meters) of the corridor. 


11.2.3.4 Special Design Areas. 


11.2.3.4.1 Where the design area consists of a building ser- 
vice chute supplied by a separate riser, the maximum number 
of sprinklers that needs to be calculated is three each with a 
minimum discharge of 15 gpm (57 L/min). 


11.2.3.4.2* Where an area is to be protected by a single line of 
sprinklers, the design area shall include all sprinklers on the 
line up to a maximum of seven. 


11.2.3.4.3 Sprinklers in ducts as described in Section 7.10 
and 8.15.12 shall be hydraulically designed to provide a dis- 
charge pressure of not less than 7 psi (0.5 bar) at each sprin- 
kler with all sprinklers within the duct flowing. 


ied 2010 Edition 


11.3 Special Design Approaches. 
11.3.1 Residential Sprinklers. 


11.3.1.1* The design area shall be the area that includes the 
four adjacent sprinklers that produce the greatest hydraulic 
demand. 


11.3.1.2* Unless the requirements of 11.2.3.1.4(4) are met for 
buildings having unsprinklered combustible concealed 
spaces, as described in 8.15.1.2 and 8.15.6, the minimum de- 
sign area of sprinkler operation for that portion of the build- 
ing shall be 3000 ft? (279 m°). 


11.3.1.2.1 The design area of 3000 ft? (279 m?) shall be ap- 
plied only to the portion of the residential sprinklers that are 
adjacent to the qualifying combustible concealed space. 


11.3.1.2.2 When applying the 3000 ft? (279 m”) design area, the 
rules of 22.4.4.1.1 and 22.4.4.6 shall be permitted to apply. 


11.3.1.3* Unless the requirements of 11.3.1.4 are met, the 
minimum required discharge from each of the four hydrauli- 
cally most demanding sprinklers shall be the greater of the 
following: 


(1) In accordance with minimum flow rates indicated in indi- 
vidual listings 

(2) Calculated based on delivering a minimum of 0.1 gpm /ft? 
(4.1 mm/min) over the design area in accordance with 
the provisions of 8.5.2.1 or 8.6.2.1.2 


11.3.1.4 For modifications or additions to existing systems 
equipped with residential sprinklers, the listed discharge crite- 
ria less than 0.1 gpm/ft? (4.1 mm/min) shall be permitted to 
be used. 


11.3.1.5 Where areas such as attics, basements, or other types 
of occupancies are outside of dwelling units but within the 
same structure, these areas shall be protected as a separate 
design basis in accordance with Section 11.1. 


11.3.1.6 Hose stream allowance and water supply duration 
requirements shall be in accordance with those for light haz- 
ard occupancies in Table 11.2.3.1.2. 


11.3.2 Exposure Protection. 


11.3.2.1* Piping shall be hydraulically calculated in accordance 
with Section 22.4 to furnish a minimum of 7 psi (0.5 bar) at any 
sprinkler with all sprinklers facing the exposure operating. 


11.3.2.2 Where the water supply feeds other fire protection 
systems, it shall be capable of furnishing total demand for such 
systems as well as the exposure system demand. 


11.3.3 Water Curtains. 


11.3.3.1 Sprinklers in a water curtain such as described in 
8.15.4 or 8.15.16.2 shall be hydraulically designed to provide a 
discharge of 3 gpm per lineal foot (37 L/min per lineal meter) 
of water curtain, with no sprinklers discharging less than 15 gpm 
(56.8 L/min). 


11.3.3.2 For water curtains employing automatic sprinklers, 
the number of sprinklers calculated in this water curtain shall 
be the number in the length corresponding to the length par- 
allel to the branch lines in the area determined by 22.4.4.1.1. 


11.3.3.3 If a single fire can be expected to operate sprinklers 
within the water curtain and within the design area of a hydrauli- 
cally calculated system, the water supply to the water curtain shall 
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be added to the water demand of the hydraulic calculations and 
shall be balanced to the calculated area demand. 


11.3.3.4 Hydraulic design calculations shall include a design 
area selected to include ceiling sprinklers adjacent to the wa- 
ter curtain. 


11.3.4 Sprinklers Under a Roof or Ceiling in Combustible 
Concealed Spaces of Wood Joist or Wood Truss Construction 
with Members 3 ft (914 mm) or Less on Center and a Slope 
Having a Pitch of 4 in 12 or Greater. 


11.3.4.1 Where sprinkler spacing does not exceed 8 ft (2.5 m) 
measured perpendicular to the slope, the minimum sprinkler 
discharge pressure shall be 7 psi (0.5 bar). 


11.3.4.2 Where sprinkler spacing exceeds 8 ft (2.5 m) mea- 
sured perpendicular to the slope, the minimum sprinkler dis- 
charge pressure shall be 20 psi (1.4 bar). 


11.3.4.3 Hose stream allowance and water supply duration 
requirements shall be in accordance with those for light haz- 
ard occupancies in Table 11.2.3.1.2. 


Chapter 12 General Requirements for Storage 


12.1 General. The requirements of Section 12.1 shall apply to 
all storage arrangements and commodities other than miscel- 
laneous storage (Chapter 13) and as modified by specific sec- 
tions in Chapter 14 through Chapter 20. 


12.1.1 Roof Vents and Draft Curtains. See Section C.6. 


12.1.1.1* Manually operated roof vents or automatic roof 
vents with operating elements that have a higher temperature 
classification than the automatic sprinklers shall be permitted. 


12.1.1.2 Early suppression fast-response (ESFR) sprinklers 
shall not be used in buildings with automatic heat or smoke 
vents unless the vents use a high-temperature rated, standard- 
response operating mechanism. 


12.1.1.3* Draft curtains shall not be used within ESFR sprin- 
kler systems. 


12.1.1.3.1 Draft curtains separating ESFR sprinklers at system 
breaks or from control mode sprinklers or between hazards 
shall be permitted. (See 8.4.6.4.) 


12.1.2 Ceiling Slope. The sprinkler system criteria specified 
in Chapter 12 and Chapters 14 through 20 are intended to 
apply to buildings with ceiling slopes not exceeding 2 in 12 
(16.7 percent) unless modified by a specific section in Chap- 
ter 12 and Chapters 14 through 20. 


12.1.3 Building and Storage Height. 


12.1.3.1 The maximum building height shall be measured to 
the underside of the roof deck or ceiling. 


12.1.3.2 ESFR sprinklers shall be used only in buildings equal 
to, or less than, the height of the building for which they have 
been listed. 


12.1.3.3 The sprinkler system design shall be based on the stor- 
age height and clearance to ceiling that routinely or periodically 
exist in the building and create the greatest water demand. 
Where storage is placed above doors, the storage height shall be 
calculated from the base of storage above the door. 


12.1.3.4 Excessive Clearances. 


12.1.3.4.1 For spray sprinkler criteria where the distance be- 
tween ceiling height and top of storage exceeds the clearances 
identified in this section, the requirements of 12.1.3.4 shall 
apply. 

12.1.3.4.2 Where the clearance exceeds 20 ft (6.1 m) for 
Chapters 14 and 15, protection shall be based upon the stor- 
age height that would result in a 20 ft (6.1 m) distance be- 
tween the ceiling and top of storage. 


12.1.3.4.3 Where the clearance exceeds 20 ft (6.1 m) for 
Table 12.12.1.2(a) or Section 16.2, protection shall be based 
upon the storage height that would result in a 20 ft (6.1 m) 
distance between the ceiling and top of storage or providing 
one level of supplemental, quick-response in-rack sprinklers 
located directly below the top tier of storage and at every flue 
space intersection. 


12.1.3.4.4 Where the clearance exceeds 10 ft (3.1 m) for Sec- 
tion 16.3 and Chapter 17, protection shall be based upon the 
storage height that would result in a 10 ft (3.1 m) distance 
between the ceiling and top of storage or providing one level 
of supplemental, quick-response in-rack sprinklers located di- 
rectly below the top tier of storage and at every flue space 
intersection. 


12.1.3.4.4.1 When applying the supplemental in-rack sprinkler 
option, the ceiling density shall be based upon the given storage 
height with an assumed acceptable clearance to ceiling. 


12.1.3.4.4.2 If in-rack sprinklers are required for the actual 
storage height with an acceptable clearance, in-rack sprinklers 
shall be installed as indicated by that criteria. 


12.2* Hose Connections. 


12.2.1 Small hose connections [1% in. (38 mm)] shall be 
provided where required by the authority having jurisdiction 
in accordance with 8.17.5 for first-aid fire-fighting and over- 
haul operations. 


12.2.2 Small hose connections shall not be required for the 
protection of Class I, II, HI, and IV commodities stored 12 ft 
(3.7 m) or less in height. 


12.3* Adjacent Hazards or Design Methods. For buildings 
with two or more adjacent hazards or design methods, the 
following shall apply: 


(1) Where areas are not physically separated by a barrier or 
partition capable of delaying heat from a fire in one area 
from fusing sprinklers in the adjacent area, the required 
sprinkler protection for the more demanding design basis 
shall extend 15 ft (4.6 m) beyond its perimeter. 

(2) The requirements of 12.3(1) shall not apply where the 
areas are separated by a barrier partition that is capable of 
preventing heat from a fire in one area from fusing sprin- 
klers in the adjacent area. 

(3) The requirements of 12.3(1) shall not apply to the exten- 
sion of more demanding criteria from an upper ceiling 
level to beneath a lower ceiling level where the difference 
in height between the ceiling levels is at least 2 ft (0.6 m). 


12.4" Wet Pipe Systems. 
12.4.1 Sprinkler systems shall be wet pipe systems. 


12.4.2* In areas that are subject to freezing or where special 
conditions exist, dry pipe systems and preaction systems shall 
be permitted to protect storage occupancies. 
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12.4.3 ESFR sprinklers shall only be permitted to be wet pipe 
systems. 


12.5 Dry Pipe and Preaction Systems. 


12.5.1 For dry pipe systems and preaction systems, the area of 
sprinkler operation shall be increased by 30 percent without 
revising the density. 


12.5.2 Densities and areas shall be selected so that the final 
area of operation after the 30 percent increase is not greater 
than 6000 ft? (557.4 m?). 


12.6* Storage Applications. 


12.6.1 For storage applications with densities of 0.20 gpm/ft” 
(8.2 mm/min) or less, standard-response sprinklers with a 
K-factor of K-5.6 (80) or larger shall be permitted. 


12.6.2 For general storage applications, rack storage, rubber 
tire storage, roll paper storage, and baled cotton storage being 
protected with upright and pendent spray sprinklers with re- 
quired densities of greater than 0.20 gpm/ft* to 0.34 gpm/ ft? 
(8.2 mm/min to 13.9 mm/min), standard-response sprinklers 
with a nominal K-factor of K-8.0 (115) or larger shall be used. 


12.6.3 For general storage applications, rack storage, rubber 
tire storage, roll paper storage, and baled cotton storage being 
protected with upright and pendent spray sprinklers with re- 
quired densities greater than 0.34 gpm/ft” (13.9 mm/min), 
standard-response spray sprinklers with a K-factor of K-11.2 
(161) or larger that are listed for storage applications shall be 
used. 


12.6.4* Unless the requirements of 12.6.5 are met, the re- 
quirements of 12.6.2 and 12.6.3 shall not apply to modifica- 
tions to existing storage application systems, using sprinklers 
with K-factors of K-8.0 (115) or less. 


12.6.5 Where applying the requirements of Figure 
17.2.1.2.1(b) and Figure 17.2.1.2.1(c) utilizing the design cri- 
teria of 0.6 gpm/ft? per 2000 ft? (24.4 mm/min per 186 m°) to 
existing storage applications, the requirements of 12.6.3 shall 
apply. 


12.6.6 The use of quick-response spray sprinklers for storage 
applications shall be permitted when listed for such use. 


12.6.7 CMSA and ESFR sprinklers shall be permitted to pro- 
tect ordinary hazard storage of Class I through Class IV com- 
modities, plastic commodities, miscellaneous storage, and 
other storage as specified in Chapter 12 through Chapter 20 
or by other NFPA standards. 


12.6.8 The design figures indicate water demands for 
ordinary-temperature rated and nominal high-temperature 
rated sprinklers at the ceiling. 


12.6.8.1 The ordinary-temperature design densities corre- 
spond to ordinary-temperature rated sprinklers and shall be 
used for sprinklers with ordinary- and intermediate- 
temperature classification. 


12.6.8.2 The high-temperature design densities correspond 
to high-temperature rated sprinklers and shall be used for 
sprinklers having a high-temperature rating. 


12.6.9 Ordinary- and intermediate-temperature sprinklers 
with K-factors of K-11.2 (161) or larger, where listed for stor- 
age, shall be permitted to use the densities for high- 
temperature sprinklers. 
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12.7 Discharge Considerations. 


12.7.1 The water supply for sprinklers only shall be determined 
either from the density/area requirements of Chapter 12 
through Chapter 20 or shall be based upon the room design 
method in accordance with Section 12.10, at the discretion of the 
designer. 


12.7.2* Systems with Multiple Hazard Classifications. For sys- 
tems with multiple hazard classifications, the hose stream al- 
lowance and water supply duration shall be in accordance with 
one of the following: 


(1) The water supply requirements for the highest hazard 
classification within the system. 

(2) The water supply requirements for each individual hazard 
classification shall be used in the calculations for the de- 
sign area for that hazard. 

(3)*For systems with multiple hazard classifications where the 
higher classification only lies within single rooms less than 
or equal to 400 ft? (37.2 m”) in area with no such rooms 
adjacent, the water supply requirements for the principal 
occupancy shall be used for the remainder of the system. 


12.7.3 The calculations shall satisfy any single point on ap- 
propriate density/area curves. 


12.7.4 The minimum water supply requirements shall be de- 
termined by adding the hose stream allowance from Chapter 
12 through Chapter 20 to the water supply for sprinklers as 
determined by Chapter 12 through Chapter 20. 


12.7.5 The minimum water supply shall be available for the 
minimum duration specified in Chapter 12 through Chapter 20. 


12.7.6 Total system water supply requirements shall be deter- 
mined in accordance with the hydraulic calculation proce- 
dures of Chapter 22. 


12.7.6.1 When using the density/area method, the design 
area shall meet the requirements of 22.4.4.1.1.1. 


12.7.6.2 When using CMSA, the design area shall meet the 
requirements of 22.4.4.2.1. 


12.7.6.3 When using ESFR sprinklers, the design area shall 
consist of the most hydraulically demanding area of 12 sprin- 
klers, consisting of four sprinklers on each of three branch 
lines, unless other specific numbers of design sprinklers are 
required in other sections of this standard. 


12.7.7 Multiple Adjustments. 


12.7.7.1 Where multiple adjustments to the area of operation 
are required to be made, these adjustments shall be com- 
pounded based on the area of operation originally selected. 


12.7.7.2 If the building has unsprinklered combustible con- 
cealed spaces, the rules of Section 12.9 shall be applied after 
all other modifications have been made. 


12.8 Hose Demand. 


12.8.1* Tanks shall be sized to supply the equipment that they 
serve. 


12.8.2* Pumps shall be sized to supply the equipment that 
they serve. 


12.8.3 Water allowance for outside hose shall be added to the 
sprinkler requirement at the connection to the city main ora 
yard hydrant, whichever is closer to the system riser. 
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12.8.4 Where inside hose stations are planned or are re- 
quired, the following shall apply: 


(1) A total water allowance of 50 gpm (189 L/min) for a 
single hose station installation shall be added to the sprin- 
kler requirements. 

(2) A total water allowance of 100 gpm (378 L/min) for a 
multiple hose station installation shall be added to the 
sprinkler requirements. 

(3) The water allowance shall be added in 50 gpm (189 L/min) 
increments beginning at the most remote hose station, with 
each increment added at the pressure required by the sprin- 
kler system design at that point. 


12.8.5 When hose valves for fire department use are attached 
to wet pipe sprinkler system risers in accordance with 8.17.5.2, 
the following shall apply: 


(1) The water supply shall not be required to be added to 
standpipe demand as determined from NFPA 14, Standard 
for the Installation of Standpipe and Hose Systems. 

(2) Where the combined sprinkler system demand and hose 
stream allowance of Chapter 12 and Chapters 14 through 
20 exceeds the requirements of NFPA 14, Standard for the 
Installation of Standpipe and Hose Systems, this higher de- 
mand shall be used. 

(3) For partially sprinklered buildings, the sprinkler demand, 
not including hose stream allowance, as indicated in 
Chapter 12 and Chapters 14 through 20 shall be added to 
the requirements given in NFPA 14, Standard for the Instal- 
lation of Standpipe and Hose Systems. 


12.9 Restrictions. 


12.9.1 When using the density/area method, unless the re- 
quirements of 12.9.2 are met for buildings having unsprin- 
klered combustible concealed spaces as described in 8.15.1.2 
and 8.15.6, the minimum area of sprinkler operation for that 
portion of the building shall be 3000 ft? (279 m?). The design 
area of 3000 ft? (279 m”) shall be applied only to the sprinkler 
system or portions of the sprinkler system that are adjacent to 
the qualifying combustible concealed space. 


12.9.2 The following unsprinklered combustible concealed 
spaces shall not require a minimum design area of sprinkler 
operation of 3000 ft? (279 m°): 


(1) Noncombustible and limited-combustible concealed 
spaces with minimal combustible loading having no ac- 
cess. The space shall be considered a concealed space 
even with small openings such as those used as return air 
for a plenum. 

(2) Noncombustible and limited-combustible concealed 
spaces with limited access and not permitting occupancy 
or storage of combustibles. The space shall be consid- 
ered a concealed space even with small openings such as 
those used as return air for a plenum. 

(3) Combustible concealed spaces filled entirely with non- 
combustible insulation. 

(4)*Light or ordinary hazard occupancies where noncom- 
bustible or limited-combustible ceilings are directly at- 
tached to the bottom of solid wood joists so as to create 
enclosed joist spaces 160 ft? (4.5 m) or less in volume, 
including space below insulation that is laid directly on 
top or within the ceiling joists in an otherwise sprin- 
klered concealed space. 


(5) Concealed spaces where rigid materials are used and the 
exposed surfaces have a flame spread index of 25 or less 
and the materials have been demonstrated to not propa- 
gate fire more than 10.5 ft (3.2 m) when tested in accor- 
dance with ASTM E 84, Standard Test Method for Surface Burn- 
ing Characteristics of Building Materials, or ANSI/UL 723, 
Standard for Test for Surface Burning Characteristics of Building 
Materials, extended for an additional 20 minutes in the 
form in which they are installed in the space. 

(6) Concealed spaces in which the exposed materials are 
constructed entirely of fire retardant—treated wood as 
defined by NFPA 703, Standard for Fire Retardant—Treated 
Wood and Fire-Retardant Coatings for Building Materials. 

(7) Concealed spaces over isolated small rooms not exceed- 
ing 55 ft? (5.1 m?) in area. 

(8) Vertical pipe chases under 10 ft? (0.93 m”), provided 
that in multifloor buildings the chases are firestopped at 
each floor using materials equivalent to the floor con- 
struction. Such pipe chases shall contain no sources of 
ignition, piping shall be noncombustible, and pipe pen- 
etrations at each floor shall be properly sealed. 

(9) Exterior columns under 10 ft? (0.93 m?) in area formed 
by studs or wood joists, supporting exterior canopies that 
are fully protected with a sprinkler system. 

(10)*Light or ordinary hazard occupancies where noncombus- 
tible or limited-combustible ceilings are attached to the 
bottom of composite wood joists either directly or on to 
metal channels not exceeding 1 in. (25.4 mm) in depth, 
provided the adjacent joist channels are firestopped into 
volumes not exceeding 160 ft? (4.5 m*) using materials 
equivalent to % in. (12.7 mm) gypsum board and at least 
34 in. (90 mm) of batt insulation is installed at the bottom 
of the joist channels when the ceiling is attached utilizing 
metal channels. 


12.10 Room Design Method. 


12.10.1* The water supply requirements for sprinklers only shall 
be based upon the room that creates the greatest demand. 


12.10.2 To utilize the room design method, all rooms shall be 
enclosed with walls having a fire resistance rating equal to the 
water supply duration indicated in Chapters 13 through 20. 


12.10.2.1 Minimum protection of openings shall include 
automatic- or self-closing doors with the appropriate fire pro- 
tection rating for the enclosure. 


12.10.3 Where the room design method is used, the density 
shall correspond to that required for the smallest area accept- 
able under the density/area method. 

12.11* High-Expansion Foam Systems. 


12.11.1 High-expansion foam systems that are installed in ad- 
dition to automatic sprinklers shall be installed in accordance 
with NFPA 11, Standard for Low-, Medium-, and High-Expansion 
Foam. 


12.11.2 High-expansion foam systems shall be automatic in 
operation. 

12.11.3 High-expansion foam used to protect the idle pallet 
shall have a maximum fill time of 4 minutes. 


12.11.4 Detectors for high-expansion foam systems shall be 
listed and shall be installed at no more than one-half the listed 
spacing. 

12.11.5 The release system for the high expansion foam del- 
uge system shall be designed to operate prior to the sprinklers 


installed in the area. 
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12.12* Protection of Idle Pallets. 
12.12.1 Wood Pallets. 


12.12.1.1* Wood pallets shall be permitted to be stored in the 
following arrangements: 


(1) Stored outside 
(2) Stored in a detached structure 


(3) Stored indoors where arranged and protected in accor- 
dance with 12.12.1.2 


12.12.1.2* Wood pallets, where stored indoors, shall be pro- 
tected in accordance with one of the following: 


(1) 
(2) 
* (3) 


Control mode density/area sprinkler protection as speci- 
fied in Table 12.12.1.2(a). 

CMSA sprinkler protection in accordance with Table 
12.12.1.2(b). 

ESFR sprinkler protection in accordance with Table 
12.12.1.2(c). 

Control mode density/area sprinkler protection in accor- 
dance with the OH2 curve of Figure 13.2.1 existing with a 
hose stream demand of at least 250 gpm (946 L/min) for 
a duration of at least 60 minutes when pallets are stored 
no higher than 6 ft (1.8 m) and each pile of no more than 
four stacks shall be separated from other pallet piles by at 
least 8 ft (1.4 m) of clear space or 25 ft (7.6 m) of com- 
modity. The maximum clearance of 20 ft (6.1 m) specified 
in 12.1.3.4 shall not apply to arrangement 12.12.1.2(4). 


(4) 


12.12.1.3 Idle wood pallets shall not be stored in racks unless 


they are protected in accordance with the appropriate re- 
quirements of Table 12.12.1.2(a) or Table 12.12.1.2(c). (See 
Section C.7.) 


12.12.2 Plastic Pallets. 


12.12.2.1 Plastic pallets shall be permitted to be stored in the 
following manners: 


(1) 
(2) 


(3) 


Plastic pallets shall be permitted to be stored outside. 
Plastic pallets shall be permitted to be stored in a de- 
tached structure. 

Plastic pallets shall be permitted to be stored indoors 
where arranged and protected in accordance with the re- 
quirements of 12.12.2.2. 


(4) Indoor storage of plastic pallets shall be permitted to 

be protected in accordance with the requirements of 

Table 12.12.2.1. 

Indoor storage of plastic pallets shall be permitted to be 

protected in accordance with the following arrangement: 

(a) Maximum storage height of 10 ft (3.05 m) 

(b) Maximum ceiling height of 30 ft (9.1 m) 

(c) Sprinkler density 0.6 gpm/ft? (24.4 mm/min) over 
2000 ft? (186 m?) 

(d) Minimum sprinkler K-factor of 16.8 (240) 


Indoor storage of non-wood pallets having a demon- 
strated fire hazard that is equal to or less than idle wood 
pallets and is listed for such equivalency shall be permit- 
ted to be protected in accordance with 12.12.1. 

(7) When specific test data are available, the data shall take 
precedence in determining the required protection of 
idle plastic pallets. 


(5) 


(6) 


12.12.2.2 Plastic pallets where stored indoors shall be pro- 
tected as follows: 


(1) Where stored in cutoff rooms, the following shall apply: 
(a) The cutoff rooms shall have at least one exterior wall. 
(b) The plastic pallet storage shall be separated from the 
remainder of the building by 3 hour-rated fire walls. 
(c) Sprinkler protection by one of the following: 


i. The storage shall be protected by sprinklers de- 
signed to deliver 0.6 gpm/ft? (24.5 mm/min) 
for the entire room or by high-expansion foam 
and sprinklers designed to deliver 0.30 gpm/ ft? 
(12.2 mm/min) for the entire room. 

ii. K-14 (200) ESFR upright sprinklers when the stor- 
age is on floor and the system is designed to supply 
all sprinklers in the room at 50 psi (3.4 bar) for a 
maximum of 30 ft (9.1 m) ceiling or 75 psi 
(5.2 bar) for a maximum 35 ft (10.7 m) ceiling. 

(d) The storage shall be piled no higher than 12 ft (3.7 m). 

(e) Any steel columns shall be protected by 1 hour fire- 
proofing or a sidewall sprinkler directed to one side 
of the column at the top or at the 15 ft (4.6 m) level, 
whichever is lower. Flow from these sprinklers shall 
be permitted to be omitted from the sprinkler system 
demand for hydraulic calculations. 


Table 12.12.1.2(a) Control Mode Density/Area Sprinkler Protection for Indoor Storage of Idle Wood Pallets 


Areas of Operation 
Maximum 
Maximum Storage Celing/Roof High Ordinary Hose Stream | Water 
Height Height” Sprinkler Density | Temperature | Temperature | Allowance Supply 
Type of Location Nominal Duration 
Sprinkler of Storage | K-Factor ft m ft m gpm/ ft? Imm/min | ft? mê ft? m? gpm [L/min | (hours) 
Control mode o . | 8 (115) or Up to 6 Upto1.8 20 6.1 0.20 8.2 2000 | 186 | 3000 | 279 500 | 1900 1% 
; n floor 
density/area larger 
On floor | 11.2 (160) Up to 8 Up to 2.4 30 9.1 0.45 18.3 2500 | 232 | 4000 | 372 | 500 | 1900 1% 
or larger 
On floor | 11.2 (160) 8 to 12 2.4 to 3.7 30 9.1 0.6 24.5 3500 | 325 | 6000 | 557 | 500 | 1900 1% 
or rack or larger 
without 
solid 12 to 20 3.7 to 6.1 30 9.1 0.6 24.5 4500 | 418 — — 500 | 1900 1% 
shelves 
On floor | 16.8 (240) | Up to 20 Up to 6.1 30 9:1 0.6 24.5 — — | 2000 | 186 | 500 | 1900 1% 
or larger 


| “For ceiling heights that exceed 30 ft (9.1 m), apply the requirements in 12.1.3.4.3. 
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GENERAL REQUIREMENTS FOR STORAGE 13-125 
(2) Where stored without cutoffs from other storage, the fol- (b) Sprinkler protection shall employ high temperature- 
lowing shall apply: rated sprinklers. 
(c) Each pallet pile ofno more than two stacks shall be sepa- 
(a) Plastic pallet storage shall be piled no higher than 4 ft rated from other pallet piles by at least 8 ft (2.4 m) of 
(1.2 m). clear space or 25 ft (7.6 m) of stored commodity. 


Table 12.12.1.2(b) CMSA Sprinkler Protection for Indoor Storage of Idle Wood Pallets 
Maximum 
Maximum Ceiling/Roof aa 
. Storage Height Height Number Minimum Water Supply 
Storage Commodity K-Factor/ | Typeof | of Design | Operating | Hose Stream Duration 
Arrangement Class ft m ft m Orientation | System | Sprinklers | Pressure Allowance (hours) 
Wet 15 25 psi 1% 
11.2 (160) (1.7 bar) 
Upright Dry 25 25 psi 2 
(1.7 bar) 
Wet 15 15 psi 1% 
30 9.1 
16.8 (240) (1.0 bar) 
Upright K ; j 
Idle wood png Dry 25 15 psi 500 gpm 2 
On fogt pallets 20 Ji (1.0 bar) | (1900 L/min) 
19.6 (280) Wet 15 16 psi 1% 
Pendent (1.1 bar) 
35 10.6 19.6 (280) Wet 15 25 psi 1% 
Pendent (1.7 bar) 
40 12.1 19.6 (280) Wet 15 30 psi 1% 
Pendent (2.1 bar) 
Table 12.12.1.2(c) ESFR Sprinkler Protection for Indoor Storage of Idle Wood Pallets 
Minimum 
Maximum Storage | Maximum Ceiling/ Operating Hose Stream 
Type of A : Height Roof Height Pressure Allowance Water Supply 
Sprinkler Location of Nominal Duration 
(Orientation) Storage K-Factor ft m ft m psi bar gpm L/min (hours) 
25 7.6 30 9.1 50 3.4 
14.0 
5 9 
(200) 25 7.6 32 9.8 60 4.1 
35 10.7 40 12.2 75 5.2 
ESFR On floor or 35 10.7 40 12.2 52 3.6 
dent) rack without 
(penden sGlidishelves 25 7.6 30 9.1 25 1.7 
22.4 
(320) 250 | 945 1 
25.2 
(360) 
ESFR (upright) | On floor 14.0 
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Table 12.12.2.1 ESFR Sprinkler Protection for Indoor Storage of Idle Plastic Pallets 


Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream | Water 
Type of Storage Height Height Pressure Allowance Supply 
Sprinkler Location of Nominal Duration 
(Orientation) Storage K-Factor ft m ft m psi bar gpm | L/min} (hours) 
25 7.6 30 9.1 50 3.4 
14.0 
(200) 25 7.6 32 9.8 60 4.1 
On floor or 35 10.7 40 12.2 75 5.2 
p den rack without 250 945 1 
pareen solid shelves 25 7.6 30 9.1 35 2.4 
16.8 
(240) 25 7.6 32 9.8 42 2.9 
35 10.7 40 12.2 52 3.6 


12.12.2.3 Idle plastic pallets shall be stored only in racks 
where protected in accordance with the requirements of 


Table 12.12.2.1. 


12.12.2.3.1 When specific test data and a product listing are 
available, the data shall take precedence in determining the 
required protection of idle plastic pallets stored in racks. 


12.12.3 Idle Pallets Stored on Racks, on Shelves, and Above 
Doors. 


12.12.3.1 Idle pallets shall not be stored on racks or shelves, 
except where permitted in 12.12.1.3, 12.12.2.3, and 12.12.3.2. 


12.12.3.2 Idle wood pallets shall be permitted to be stored on 
the lowest level of storage only where no storage or shelves are 
located above the stored pallets and the applicable protection 
criteria referenced in Section 12.12 are applied. 


12.12.3.3 Where idle pallet storage is above a door, the idle 
pallet storage height shall be calculated from the base of stor- 
age above the door using the applicable protection criteria 
referenced in Section 12.12. 


12.12.4 High-Expansion Foam — Reduction to Ceiling Density. 
A reduction in ceiling density to one-half that required for idle 
pallets shall be permitted without revising the design area, but 
the density shall be no less than 0.15 gpm/ft? (6.1 mm/min). 


Chapter 13 Miscellaneous Storage 


13.1 Miscellaneous Storage Up to 12 ft (3.7 m) in Height. 


13.1.1 Hose Connections. Hose connections shall not be re- 
quired for the protection of miscellaneous storage. 


13.2 Design Basis. 
13.2.1 Table 13.2.1 and Figure 13.2.1 shall apply to any of the 


following situations: 


Tn 2010 Edition 


(1) Miscellaneous storage of Class I through Class IV com- 
modities up to 12 ft (3.7 m) in height 

(2) Miscellaneous storage of Group A plastics up to 12 ft (3.7 m) 
in height 

(3) Miscellaneous storage of rubber tires up to 12 ft (3.7 m) 
in height 

(4) Miscellaneous storage of rolled paper up to 12 ft (3.7 m) 
in height 

(5) Storage of Class I through Class IV commodities up to 
12 ft (3.7 m) in height as directed by 14.2.3.1 and 
16.2.1.2.1 

(6) Storage of Group A plastics up to 5 ft (1.5 m) in height as 
directed by 15.2.1 and 17.2.1.1 


13.2.2 Installation criteria as permitted by NFPA 13 and de- 
sign criteria and modifiers as permitted by the density/area 
method of Chapter 11 for ordinary hazard Group 1, ordinary 
hazard Group 2, extra hazard Group 1, and extra hazard 
Group 2 occupancies shall be applicable for the protection of 
any of the following: 


(1) Miscellaneous storage as described by Table 13.2.1 

(2) Commodity Class I through Class IV storage 12 ft (3.7 m) 
or less in height as directed by 14.2.3.1 and 16.2.1.2.1 

(3) Storage of Group A plastics up to 5 ft (1.5 m) in height as 
directed by 15.2.1 and 17.2.1.1 


13.3 In-Rack Sprinklers. 


13.3.1 General. In-rack sprinklers required by Table 13.2.1 
shall meet the requirements of this section and the applicable 
storage protection and arrangement sections of this chapter. 


13.3.2 Discharge Criteria. In-rack sprinklers shall have a K-factor 
of 5.6 (80) or larger and operate at a minimum of 15 psi (1 bar). 


13.3.3 Water Demand. Where one level of in-rack sprinklers is 
installed for miscellaneous storage, water demand shall be 
based on simultaneous operation of the hydraulically most de- 
manding four adjacent sprinklers. 
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MISCELLANEOUS STORAGE 13-127 
Table 13.2.1 Discharge Criteria for Miscellaneous Storage 12 ft (3.7 m) or Less in Height 
Maximum Total Combined 
Ceiling Inside and 
Storage Height Height Inside Hose Outside Hose 
Design Curve Duration 
Commodity Type of Storage ft m ft m Figure 13.2.1 Note gpm |L/min| gpm | L/min | (minutes) 
Class I to Class IV 
Class I <12 $3.7 — — OH1 0,50, | 0, 189, 250 946 90 
100 379 
Class II <10 <3.05 — — OHI 0,50, | 0, 189, 250 946 90 
100 379 
Palletized, bin 
Class II box, shelf, and >10 to | >3.05 — — OH2 0, 50, | 0, 189, 250 946 90 
rack and <12 to 100 379 
back-to-back $3.7 
shelf storage 
Class III s12 $3.7 — — OH2 0,50, | 0, 189, 250 946 90 
100 379 
Class IV <10 $3.05 — — OH2 0,50, | 0, 189, 250 946 90 
100 379 
Class IV Palletized, bin >10 to | >3.05 32 — OH2 0,50, | 0, 189, 250 946 90 
box, and shelf <12 to 100 379 
<3.7 
Rack >10 to | >3.05 32 — EH1 0,50, | 0, 189, 500 1893 120 
back-to-back <12 to 100 379 
shelf storage <3.7 
Group A Plastic Storage 
<5 S1.5 — — OH2 0,50, | 0, 189, 250 946 90 
100 379 
>5 to >1.5 15 4.6 EH1 0, 50, | 0, 189, 500 1893 120 
<10 to 100 379 
<3.05 
n mee ae »5to | >1.5 | 20 | 61 EH2 0,50, |0,189,] 500 | 1893 120 
scoters <10 |to<3.05 100 | 379 
rack and 
back-to-back >10 to | >3.05 | 17 | 52 EH2 0,50, |0,189,] 500 | 1893 120 
shelf storage <12 | to 100 | 379 
<3.7 
Gan d Unexpanded and 
santong expanded >10 to | >3.05 | 32 5.2 OH2 +1 0,50, |0,189,] 250 946 90 
<12 to level 100 379 
<3.7 of 
in-rack 
Palletized, bin >10 to | >3.05 32 8.2 EH2 0,50, | 0, 189, 500 1893 120 
box, shelf, and <12 to 100 379 
back-to-back <3.7 
shelf storage 
Rack >10 to | >3.05 32 — OH2 +1 0,50, | 0, 189, 250 946 90 
<12 to level 100 379 
<3.7 of 
in-rack 
(continues) 
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Table 13.2.1 Continued 
Maximum Total Combined 
Ceiling Inside and 
Storage Height Height Inside Hose Outside Hose 
Design Curve Duration 
Commodity Type of Storage ft m ft m Figure 13.2.1 Note gpm |L/min| gpm | L/min | (minutes) 
Palletized, bin <5 <1.5 — — OH2 0,50, | 0, 189, 250 946 90 
box, shelf, and 100 379 
rack back-to-back 
shelf storage 
Palletized, bin »5to | >1.5 28 — EH2 0,50, | 0, 189, 500 1893 120 
Unexpanded and | box, and shelf <8 to 100 379 
expanded back-to-back <2.4 
shelf storage 
Palletized, bin >5to | >1.5 15 4.6 EH? 0,50, | 0, 189, 500 1893 120 
box, shelf, and <10 to 100 379 
rack back-to-back $3.05 
shelf storage 
Palletized, bin >5to | >1.5 20 6.1 EH2 0,50, | 0, 189, 500 1893 120 
Unex led box, shelf, and <10 to 100 379 
te pane rack back-to-back $3.05 
Exposed shelf storage 
Rack >5to | >1.5 20 6.1 OH2 +1 0, 50, | 0, 189, 250 946 90 
Expanded <10 to level 100 379 
pa <3.05 of 
in-rack 
Palletized, bin >10 to | >3.05 17 5.2 EH2 0, 50, | 0, 189, 500 1893 120 
box, and shelf <12 to 100 379 
back-to-back $3.7 
shelf storage 
Unexpanded and >10 to | 58.05 17 5:2 EH2 0, 50, | 0, 189, 500 1893 120 
aaa <12 to 100 | 379 
ps «3.7 
Rack >10 to | 58.05 32 — OH2 +1 0, 50, | 0, 189, 250 946 90 
<12 to level 100 379 
<3.7 of 
in-rack 


Tire Storage 


On floor, on side | »5 to >1.5 32 — 0,50, | 0, 189, 500 1893 120 
<12 to EH1 100 379 
<3.7 
On floor, on <5 <1.5 — — OH? 0,50, | 0, 189, 250 946 90 
tread or on side 100 379 
Single-, double-, <5 $1.5 — — 0,50, | 0, 189, 250 946 90 
5 Cae pea 379 
or multiple-row OH? 100 379 
racks on tread or 
on side 
Tires `; Pech ac c 
Single-row rack, >5 to >15 32 — 0, 50, | 0, 189, 500 1893 120 
portable, on <12 to EHI 100 379 
tread or on side S3.7 
Single-row rack, »5 to >1.5 32 — 0,50, | 0, 189, 500 1893 120 
fixed, on tread <12 to EH1 100 379 
or on side $3.7 
>5 to >1.5 32 — +1 0,50, | 0, 189, 250 946 90 
<12 to ? level 100 379 
<3.7 ON of 
in-rack 
Rolled Paper Storage 
Heavy and medium weight On end <10 <3.05 30 — Š 0,50, | 0, 189, 250 946 90 
y OH2 
100 379 
Tissue and light weight On end <10 <3.05 30 — 0, 50, | 0, 189, 250 946 120 
j | Pe 100 | 379 
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Density (mm/min) 
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FIGURE 13.2.1 Miscellaneous Storage 12 ft (3.7 m) or Less in Height — Design Curves (see Table 13.2.1). 


Chapter 14 Protection of Class Ito Class IV 
Commodities That Are Stored Palletized, Solid Piled, 
Bin Boxes, Shelf Storage, or Back-to-Back Shelf 
Storage 


14.1 General. 


14.1.1 This chapter shall apply to a broad range of combus- 
tibles that are stored palletized, solid piled, bin boxes, shelf 
storage, or back-to-back shelf storage. 


14.1.2 The requirements of Chapter 12 shall apply unless 
modified by this chapter. 


14.1.3* The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream allow- 
ance from Table 14.1.3 to the water supply for sprinklers. 


14.1.4 This supply shall be available for the minimum dura- 
tion specified in Table 14.1.3. (See Section C.8.) 


14.2* Control Mode Density/Area Sprinkler Protection Criteria 
for Palletized, Solid Piled, Bin Box, Shelf Storage, or Back-to- 
Back Shelf Storage of Class I Through Class IV Commodities. 


14.2.1 Protection for Class I through Class IV commodities in 
the following configurations shall be provided in accordance 
with this chapter: 


(1) Nonencapsulated commodities that are solid piled, pallet- 
ized, or bin box storage up to 30 ft (9.1 m) in height 

(2) Nonencapsulated commodities on shelf storage up to 
15 ft (4.6 m) in height 

(3)*Encapsulated commodities that are solid piled, palletized, 
bin box, or shelf storage up to 15 ft (4.6 m) in height 

(4) Back-to-back shelf storage up to 15 ft (4.6 m) in height 


14.2.2 The area and density for the hydraulically remote area 
and the water supply shall be determined as specified in 14.2.3 
for storage up to and including 12 ft (3.7 m) and 14.2.4 for 
storage over 12 ft (3.7 m). 


Table 14.1.3 Hose Stream Allowance and Water Supply Duration Requirements 


Total Combined Inside 
Storage Height Inside Hose and Outside Hose 
Duration 
Commodity Classification ft m gpm L/min gpm L/min (minutes) 
Over 12 | Over 3.7 up to 6.1 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 90 
up to 20 
Class I, II, and III 
Over 20 | Over 6.1 up to 9.1 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 120 
up to 30 
Over 12 | Over 3.7 up to 6.1 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 120 
up to 20 
Class IV 
Over 20 | Over 6.1 up to 9.1 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 150 
up to 30 
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14.2.3 Protection Criteria for Palletized, Solid Piled, Bin Box, 
Shelf Storage, or Back-to-Back Shelf Storage of Class I 
Through Class IV Commodities Stored Up to 12 ft (3.7 m) in 
Height. 


14.2.3.1 The protection criteria for storage up to and includ- 
ing 12 ft (3.7 m) shall be the same as for miscellaneous storage 
selected from Chapter 13. 


14.2.3.2 The protection criteria in Chapter 13 shall be ac- 
ceptable for storage of Class I to Class IV commodities up to 
and including 12 ft (3.7 m) in height (see Table 13.2.1). 


14.2.4 Protection Criteria for Palletized, Solid Piled, Bin Box, 
Shelf Storage, or Back-to-Back Shelf Storage of Class I 
Through Class IV Commodities Stored Over 12 ft (3.7 m) in 
Height. 


14.2.4.1 Where using ordinary temperature-rated sprinklers, 
a single point shall be selected from the appropriate commod- 
ity curve on Figure 14.2.4.1. 


m2 fê 
550 6000 
œ 500 
5 5000 
oO 
© 450 
£ 
© 400 
2 4000 
2 350 
Ku) 
€ 300 
= 3000 
250 
200 2000 


gpm/ft? 0.1 0.15 0.2 0.25 0.3 0.35 0.4 
mm/min 4.1 6.1 8.2 10.2 12.2 14.3 16.3 


Sprinkler density 


FIGURE 14.2.4.1 Sprinkler System Design Curves, 20 ft 
(6.1 m) High Storage — Ordinary Temperature—Rated Sprin- 
klers. 


14.2.4.2 Where using high temperature-rated sprinklers, a 
single point shall be selected from the appropriate commodity 
curve on Figure 14.2.4.2. 


14.2.4.3 The densities selected in accordance with 14.2.4.1 or 
14.2.4.2 shall be modified in accordance with Figure 14.2.4.3 
without revising the design area. 


14.2.4.4 In the case of metal bin boxes with face areas not 
exceeding 16 ft? (1.5 m?) and metal closed shelves with face 
areas not exceeding 16 ft? (1.5 m?), the area of application 
shall be permitted to be reduced by 50 percent, provided the 
minimum requirements of 14.2.4.5 and 14.2.4.6 are met. 


14.2.4.5 For storage greater than 12 ft (3.7 m), the design 
density shall not be less than 0.15 gpm/ft? (6.1 mm/min), and 
the design area shall not be less than 2000 ft? (186 m°) for wet 
systems or 2600 ft? (242 m”) for dry systems for any commod- 
ity, class, or group. 
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Sprinkler density 


FIGURE 14.2.4.2 Sprinkler System Design Curves, 20 ft 
(6.1 m) High Storage — High Temperature-Rated Sprinklers. 
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FIGURE 14.2.4.3 Ceiling Sprinkler Density vs. Storage 
Height. 


14.2.4.6 For storage greater than 12 ft (3.7 m), the sprinkler 
design density for any given area of operation for a Class II or 
Class IV commodity, calculated in accordance with 14.2.4, 
shall not be less than the density for the corresponding area of 
operation for ordinary hazard Group 2. 


14.2.4.7 For back-to-back shelf storage, the design density 
shall be taken from Figure 14.2.4.1 for storage greater than 
12 ft (3.7 m) and up to 15 ft (4.6 m) with no reduction for 
design density referenced in Figure 14.2.4.3. 


14.3 CMSA Sprinklers for Palletized or Solid-Piled Storage of 
Class I Through Class IV Commodities. 


14.3.1 Protection of palletized and solid-piled storage of 
Class I through Class IV commodities shall be in accordance 
with Table 14.3.1. 


Posted by Public.Resource.Org. Not affiliated with NFPA 


CLASS I TO CLASS IV COMMODITIES STORED PALLETIZED, SOLID PILED, BIN BOXES, OR SHELF STORAGE 13-131 


Table 14.3.1 CMSA Sprinkler Design Criteria for Palletized and Solid-Piled Storage 
of Class I Through Class IV Commodities 
Maximum Maximum 
Storage Ceiling /Roof 
Height Height Number of Minimum Water 
Commodity K-Factor/ Type of Design Operating Hose Stream Supply Duration 
Configuration Class ft m ft m Orientation | System Sprinklers Pressure Allowance (hours) 
11.2 Wet 15 25 psi (1.7 bar) 1% 
(160) 
Upright Dry 25 25 psi (1.7 bar) 2 
16.8 Wet 15 10 psi (0.7 bar) 1% 
30 9.1 20 _ S 
Upright Dry 25 15 psi (1.0 bar) 2 
19.6 Wet 15 16 psi (1.1 bar) 1% 
Class I or II 25 7.6 (280) 
Pendent 
11.2 Wet 15 25 psi (1.7 bar) 1% 
(160) 
Upright Dry 25 25 psi (1.7 bar) 2 
35 10.6 
16.8 Wet 15 15 psi (1.0 bar) 1% 
(240) 
Upright Dry 25 15 psi (1.0 bar) 2 
30 9.1 35 10.6 19.6 Wet 15 25 psi (1.7 bar) 1% 
(280) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi (2.1 bar) 1% 
(280) 
Pendent 
11.2 Wet 15 25 psi (1.7 bar) 1% 
asoy — 
Upright Dry 25 25 psi (1.7 bar) 2 
Palletized 16.8 Wet 15 500 gpm 1% 
(240) 15 psi (1.0 bar) (1900 L/min) 
30 9.1 F 
Upright 
Dry 25 15 psi (1.0 bar) 2 
c £ 19.6 Wet 15 16 psi (1.1 bar) 1% 
25 7.6 (280) 
Pendent 
Class III 11.2 Wet 15 25 psi (1.7 bar) 1% 
(160) 
Upright Dry 25 25 psi (1.7 bar) 2 
35 10.6 
16.8 Wet 15 15 psi (1.0 bar) 1% 
(240) 
Upright Dry 25 15 psi (1.0 bar) 2 
30 9.1 35 10.6 19.6 Wet 15 25 psi (1.7 bar) 1% 
(280) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi (2.1 bar) 1% 
(280) 
Pendent 
11:2 20 25 psi (1.7 bar) 2 
(160) Wet ———- 
Upright 15 50 psi (3.5 bar) 1% 
16.8 20 2 
(240) 
Class IV 20 6.1 30 9.1 Upright Wet 15 psi (1.0 bar) 
15 22 psi (1.5 bar) 1% 
19.6 Wet 15 16 psi (1.1 bar) 1% 
(280) 
Pendent 
(continues) 
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Table 14.3.1 Continued 
Maximum Maximum 
Storage Ceiling/Roof 
Height Height Number of Minimum Water 
Commodity K-Factor/ Type of Design Operating Hose Stream Supply Duration 
Configuration Class ft m ft m Orientation | System Sprinklers Pressure Allowance (hours) 
16.8 Wet 15 22 psi (1.5 bar) 1% 
(240) 
Upright 
25 7.6 30 9.1 
Palletized Class IV 19.6 Wet 15 16 psi (1.1 bar) 1% 
(280) 
Pendent 
30 9.1 35 10.6 19.6 Wet 15 25 psi (1.7 bar) 1% 
(280) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi (2.1 bar) 1% 
(280) 
Pendent 
11.2 Wet 15 25 psi (1.7 bar) 1% 
(160) 
Upright Dry 25 25 psi (1.7 bar) 2 
16.8 Wet 15 10 psi (0.7 bar) 1% 
20 6.1 30 9.1 (240) 
Upright Dry 25 15 psi (1.0 bar) 2 
19.6 Wet 15 16 psi (1.1 bar) 1% 
(280) 
Pendent 
Class I or II 16.8 Wet 15 10 psi (0.7 bar) 1% 
(240) 
Upright 
25 7.6 30 9.1 
9.6 Wet 15 16 psi (1.1 bar) Yo 
(280) 
Pendent 
30 9.1 35 10.6 9.6 Wet 15 25 psi (1.7 bar) 500 gpm Y 
(280) (1900 L/min) 
Pendent 
35 10.6 40 12.1 9.6 Wet 15 30 psi (2.1 bar) Le 
(280) 
Pendent 
Solid Piled 1.2 Wet 15 25 psi (1.7 bar) % 
(160) 
Upright Dry 25 25 psi (1.7 bar) 2 
6.8 Wet 15 15 psi (1.0 bar) 1% 
20 6.1 30 9.1 (240) 
Upright Dry 25 15 psi (1.0 bar) 2 
9.6 Wet 15 16 psi (1.1 bar) Yo 
(280) 
Pendent 
Class III 16.8 Wet 15 22 psi (1.5 bar) Yo 
(240) 
Upright 
25 7.6 30 9.1 
19.6 Wet 15 16 psi (1.1 bar) Yo 
(280) 
Pendent 
30 9.1 35 10.6 19.6 Wet 15 25 psi (1.7 bar) Yo 
(280) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi (2.1 bar) Yg 
(280) 
Pendent 
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Table 14.3.1 Continued 
Maximum Maximum 
Storage Ceiling /Roof 
Height Height Number of Minimum Water 
Commodity K-Factor/ Type of Design Operating Hose Stream Supply Duration 
Configuration Class ft m ft m Orientation | System Sprinklers Pressure Allowance (hours) 
11.2 Wet 15 50 psi (3.5 bar) 1% 
(160) 
Upright 
16.8 Wet 15 22 psi (1.5 bar) 1% 
20 6.1 30 9.1 (240) 
Upright 
19.6 Wet 15 16 psi (1.1 bar) 1% 
(280) 
Pendent 
Sat est 5 š anci . 500 gpm 4 
Solid Piled Class IV 16.8 Wet 15 22 psi (1.5 bar) (1900 L/min) 1% 
(240) 
Upright 
25 7.6 30 9.1 
19.6 Wet 15 16 psi (1.1 bar) 1% 
(280) 
Pendent 
30 9.1 35 10.6 19.6 Wet 15 25 psi (1.7 bar) 1% 
(280) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi (2.1 bar) 1% 
(280) 
Pendent 
14.3.2 Protection shall be provided as specified in Table 14.4.2 ESFR sprinkler systems shall be designed such that the 
14.3.1 or appropriate NFPA standards in terms of minimum minimum operating pressure is not less than that indicated in 
operating pressure and the number of sprinklers to be in- Table 14.4.1 for commodity, storage height, and building 
cluded in the design area. height involved. 


14.3.3 The minimum number of design sprinklers for ordi- 
nary hazard and miscellaneous storage in accordance with this 
standard shall be 15 for wet pipe systems and 25 for preaction 
systems and dry pipe systems. 


14.3.4 Open Wood Joist Construction. 


14.3.4.1 Where CMSA sprinklers are installed under open 
wood joist construction, their minimum operating pressure 
shall be 50 psi (3.4 bar) for a K-11.2 (160) sprinkler or 22 psi 
(1.5 bar) for a K-16.8 (240) sprinkler. 


14.3.4.2 For CMSA sprinklers, where each joist channel of 
open, wood joist construction is fully firestopped to its full 
depth at intervals not exceeding 20 ft (6.1 m), the lower pres- 
sures specified in Table 14.3.1 shall be permitted to be used. 


14.3.5 Hose stream allowance and water supply duration re- 
quirements shall be in accordance with Table 14.3.1. 


14.3.6 Preaction Systems. 


14.3.6.1 For the purpose of using Table 14.3.1, preaction sys- 
tems shall be classified as dry pipe systems. 


14.3.7 Building steel shall not require special protection 
where Table 14.3.1 are applied as appropriate for the storage 
configuration. 


14.4 Early Suppression Fast-Response (ESFR) Sprinklers for 
Palletized or Solid-Piled Storage of Class I Through Class IV 
Commodities. 


14.4.1 Protection of palletized and solid-piled storage of 
Class I through Class IV commodities shall be in accordance 
with Table 14.4.1. 


14.4.3 The design area shall consist of the most hydraulically 
demanding area of 12 sprinklers, consisting of four sprinklers 
on each of three branch lines. 


14.4.4 Where ESFR sprinklers are installed above and below 
obstructions, the discharge for up to two sprinklers for one of 
the levels shall be included with those of the other level in the 
hydraulic calculations. 


14.5 Special Design for Palletized, Solid-Piled, Bin Box, or 
Shelf Storage of Class I Through Class IV Commodities. Bin 
box and shelf storage that is over 12 ft (3.7 m) but not in 
excess of the height limits of 14.2.1 and that is provided with 
walkways at vertical intervals of not over 12 ft (3.7 m) shall be 
protected with automatic sprinklers under the walkway(s). 
Protection shall be as follows: 


(1) Ceiling design density shall be based on the total height of 
storage within the building. 

(2) Automatic sprinklers under walkways shall be designed to 
maintain a minimum discharge pressure of 15 psi (1 bar) 
for the most hydraulically demanding six sprinklers on 
each level. Walkway sprinkler demand shall not be re- 
quired to be added to the ceiling sprinkler demand. 
Sprinklers under walkways shall not be spaced more than 
8 ft (2.4 m) apart horizontally. 


14.6 High-Expansion Foam — Reduction to Ceiling Density. 
A reduction in ceiling density to one-half that required for 
Class I through Class IV commodities, idle pallets, or plastics 
shall be permitted without revising the design area, but the 
density shall be no less than 0.15 gpm/ft? (6.1 mm/min). 
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Table 14.4.1 ESFR Protection of Palletized and Solid-Piled Storage of Class I Through Class IV Commodities 


Maximum 
Maximum Ceiling/Roof Minimum Operating Hose Stream Water 
Storage Height Height Pressure Allowance Supply 
Nominal Duration 
Commodity ft m ft m K-Factor | Orientation psi bar gpm L/min (hours) 
14.0 Upright/ f 3.4 
(200) Pendent 
16.8 Upright/ 3: 2.4 
(240) Pendent 
20 6.1 
22.4 Pendent F 1.7 
(320) 
25.2 Pendent Ki 1.0 
(360) 
14.0 Upright/ E 3.4 
(200) Pendent 
16.8 Upright/ 3 2.4 
(240) Pendent 
22.4 Pendent 1.7 
(320) 
25 7.6 
25.2 Pendent i; 1.0 
(360) 
14.0 Upright/ 4.1 
(200) Pendent 
16.8 Pendent 2.9 
(240) 
Class I, II, II, or IV, 14.0 Upright/ F 5.2 
encapsulated (200) Pendent 
(no open-top 250 946 1 
containers or Upright/ t 3.6 
solid shelves) Pendent 
30 9.1 
Pendent 3! 2.4 
Pendent 1.4 
Pendent ł 5.2 
Upright/ i 3.6 
Pendent 
35 10.7 
Pendent 2.8 
Pendent E 1.7 
Pendent 2.8 
35 10.7 
Pendent 2.8 
Pendent 2.8 
40 12.2 
Pendent 2.8 
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Chapter 15 Protection of Plastic and Rubber 
Commodities That Are Stored Palletized, Solid Piled, 
Bin Boxes, Shelf Storage, or Back-to-Back Shelf 
Storage 


15.1 General. This chapter shall apply to plastic and rubber 
commodities that are stored palletized, solid piled, bin boxes, 
shelf storage, or back-to-back shelf storage. The requirements 
of Chapter 12 shall apply unless modified by this chapter. 


15.1.1 The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream allow- 
ance from Table 15.1.1 to the water supply for sprinklers. This 
supply shall be available for the minimum duration specified 
in Table 15.1.1. (See Section C.8.) 


15.1.2* Storage Conditions. The design of the sprinkler sys- 
tem shall be based on those conditions that routinely or peri- 
odically exist in a building and create the greatest water de- 
mand, which include the following: 


(1) Pile height 
(2) Clearance 

(3) Pile stability 
(4) Array 


15.2* Control Mode Density/Area Sprinkler Protection Crite- 
ria for Palletized, Solid-Piled, Bin Box, Shelf Storage, or Back- 
to-Back Shelf Storage of Plastic and Rubber Commodities. 


15.2.1 For the storage of Group A plastics stored 5 ft (1.5 m) 
or less in height, the sprinkler design criteria for miscella- 
neous storage specified in Chapter 13 shall be used. The pro- 
tection criteria in Chapter 13 shall be acceptable for storage of 
Group A plastic commodities up to and including 5 ft (1.5 m) 
in height. (See Table 13.2.1 for specific Group A plastic storage height 
protection criteria. ) 


15.2.2* Protection for plastic and rubber commodities shall 
be in accordance with Section 15.2. The decision tree shown 
in Figure 15.2.2 shall be used to determine the protection in 
each specific situation, subject to the following limitations: 


(1) Commodities that are stored palletized, solid piled, or in 
bin boxes up to 25 ft (7.62 m) in height. 

Commodities that are stored in shelf storage up to 15 ft 
(4.6 m) in height. 

For back-to-back shelf storage up to 15 ft (4.6 m) in height, 
the minimum aisle width shall be 60 in. (1524 mm). The 
design criteria shall be in accordance with Table 15.2.2. The 
back-to-back shelf shall have a full height solid vertical trans- 
verse barrier of % in. (9.5 mm) plywood or particleboard, 
22 ga. sheet metal, or equivalent, from face of aisle to face of 
aisle, spaced at a maximum 45 ft (13.7 m) interval. 


(2) 
(3) 


15.2.3* Factors affecting protection requirements such as 
closed/open array, clearance between storage and sprinklers, 
and stable/unstable piles shall be applicable only to storage of 
Group A plastics. This decision tree also shall be used to deter- 
mine protection for commodities that are not wholly Group A 
plastics but contain such quantities and arrangements of the 
same that they are deemed more hazardous than Class IV com- 
modities. 


15.24 Group B plastics and free-flowing Group A plastics 
shall be protected in the same manner as a Class IV commod- 
ity. (See Chapter 14 for protection of these storage commodities with 
spray sprinklers. ) 


15.2.5 Group C plastics shall be protected in the same man- 
ner as a Class III commodity. (See Chapter 14 for protection of these 
storage commodities with spray sprinklers.) 


15.2.6* Design areas and densities for the appropriate stor- 
age configuration shall be selected from Table 15.2.6(a) or 
Table 15.2.6(b) as appropriate. 


Table 15.1.1 Hose Stream Allowance and Water Supply Duration Requirements 


Total Combined Inside 
Storage Height Inside Hose and Outside Hose 

Duration 
Commodity Classification ft m gpm L/min gpm L/min (minutes) 

Group A plastic Over 5 up | Over 1.5 up to 6.1 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 120 

to 20 
Over 20 | Over 6.1 up to 7.6 | 0, 50, or 100 | 0, 190, or 380 | 500 1900 150 
up to 25 


Table 15.2.2 Back-to-Back Shelf Storage of Cartoned Unexpanded Group A Plastics 


Storage Height Ceiling Height 
ft m ft m Protection 
Over 5 up to 8 1.5/2.4 Up to 14 4.3 Ordinary Hazard Group 2 
Up to 12 3.7 Up to 15 4.6 0.45 gpm/ft? over 2500 ft? 18.3 mm/min/232 m? 
Upto12 3.7 Up to 30 9.1 0.6 gpm/ ft” over 2500 ft? 94.5 mm/min/232 më 
Up to 15 4.6 Up to 30 9.1 0.7 gpm/ft? over 2500 ft? 98.5 mm/min/232 m? 
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Plastics 

Group A (See Note) Group B Group C 
Class IV Class III 

Expanded Nonexpanded Free-flowing 
Class IV 
Cartoned Exposed Unstable Stable 
Table 15.2.6(a) or 
(b) Column A 
Stable Unstable Stable Unstable Solid Unit Load Cartoned Exposed 


Table 15.2.6(a) Table 15.2.6(a) Table 15.2.6(a) Table 15.2.6(a) Table 15.2.6(a) Table 15.2.6(a) Table 15.2.6(a) 
or (b) Column E or (b) Column D or (b) Column B or (b) Column C or (b) Column A or (b) Column € or (b) Column E 


Note: Cartons that contain Group A plastic material are permitted to be treated as Class IV commodities under 
the following conditions: 


(1) There are multiple layers of corrugation or equivalent outer material that would significantly delay fire 
involvement of the Group A plastic. 


(2) The amount and arrangement of Group A plastic material within an ordinary carton would not be expected 
to significantly increase the fire hazard. 


FIGURE 15.2.2 Decision Tree. 


Table 15.2.6(a) Design Densities for Palletized, Solid-Piled, Bin Box, or Shelf Storage 
of Plastic and Rubber Commodities (U.S. Customary Units) 


Storage Height | Roof/Ceiling Height Density (gpm/ ft”) 
(ft) (ft) A B c D E 
Up to 15 0.2 EH2 0.3 EHI EH2 
>5 to <12 >15 to 20 0.3 0.6 0.5 EH2 EH2 
>20 to 32 0.4 0.8 0.6 0.45 0.7 
Up to 20 0.3 0.6 0.5 0.4 0.45 
15 >20 to 25 0.4 0.8 0.6 0.45 0.7 
>25 to 35 0.45 0.9 0.7 0.55 0.85 
Up to 25 0.4 0.8 0.6 0.45 0.7 
20 >25 to 30 0.45 0.9 0.7 0.55 0.85 
>30 to 35 0.6 1.2 0.85 0.7 1.1 
95 Up to 30 0.45 0.9 0.7 0.55 0.85 
>30 to 35 0.6 1.2 0.85 0.7 1.1 
Notes: 


(1) Minimum clearance between sprinkler deflector and top of storage shall be maintained as required. 
(2) Column designations correspond to the configuration of plastics storage as follows: 
A: (1) Nonexpanded, unstable 
(2) Nonexpanded, stable, solid unit load 
B: Expanded, exposed, stable 
C: (1) Expanded, exposed, unstable 
(2) Nonexpanded, stable, cartoned 
D: Expanded, cartoned, unstable 
E: (1) Expanded, cartoned, stable 
(2) Nonexpanded, stable, exposed 
(3) EHI = Density required by Figure 13.2.1 for Curve EH1 
EH2 = Density required by Figure 13.2.1 for Curve EH2 
(4) Hose streams and durations shall be as follows: S5 ft 250 gpm (946 L/min) and 
90 minutes; >5 ft to <20 ft 500 gpm (1900 L/min) and 120 minutes; >20 ft to <25 ft 
500 gpm (1900 L/min) and 150 minutes. 
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Table 15.2.6(b) Design Densities for Palletized, Solid-Piled, Bin Box, or Shelf 
Storage of Plastic and Rubber Commodities (S.I. Units) 
Density 
Storage Height Roof/Ceiling Height (mm/min) 
(m) (m) A B Cc D E 
Up to 4.6 8.2 EH2 12.2 EHI EH2 
>1.5 to <3.6 >4.6 to 6.1 12.2 24.5 20.4 EH2 EH2 
>6.1 to 9.8 16.3 32.6 24.5 18.4 28.6 
Up to 6.1 12.2 24.5 20.4 16.3 18.4 
4.6 >6.1 to 7.6 16.3 32.6 24.5 18.4 28.6 
>7.6 to 10.7 18.4 36.7 28.6 22.4 34.7 
Up to 7.6 16.3 32.6 24.5 18.4 28.6 
6.1 >7.6 to 9.1 18.4 36.7 28.6 22.4 34.7 
>9.1 to 10.7 24.5 49.0 34.7 28.6 44.9 
7.6 Up to 9.1 18.4 36.7 28.6 22.4 34.7 
>9.1 to 10.7 24.5 49.0 34.7 28.6 44.9 


Notes: 


A: (1) Nonexpanded, unstable 
(2) Nonexpanded, stable, solid unit load 
B: Expanded, exposed, stable 
C: (1) Expanded, exposed, unstable 
(2) Nonexpanded, stable, cartoned 
D: Expanded, cartoned, unstable 
E: (1) Expanded, cartoned, stable 
(2) Nonexpanded, stable, exposed 
(3) EH1 = Density required by Figure 13.2.1 for Curve EH1 
EH2 = Density required by Figure 13.2.1 for Curve EH2 


500 gpm (1900 L/min) and 150 minutes. 


15.27 The ceiling-only protection criteria specified in 
Chapter 17 for rack storage of plastic and rubber commodi- 
ties shall be permitted to be used for solid-piled and pallet- 
ized storage of the same commodity, at the same height and 
clearance. 


15.2.8 For Table 15.2.6(a) and Table 15.2.6(b), the design 
areas shall be as follows: 


(1) The area shall be a minimum of 2500 ft? (232 m?). 


(2) Where Table 15.2.6(a) and Table 15.2.6(b) allow densities 
and areas to be selected in accordance with Curve EH1 and 
Curve EH2 of Figure 13.2.1, any density/area from the 
curves in Figure 13.2.1 shall be permitted. When selecting a 
point from the EH1 or EH? density/area curves of Fig- 
ure 13.2.1, the following area reductions shall be permitted: 


(a) For K-5.6 (80) and K-8.0 (115) sprinklers, the design 
area shall be permitted to be reduced by 25 percent, 
but not below 2000 ft? (186 m”), where high tempera- 
ture sprinklers are used. 


(b) For K-11.2 (160) or larger sprinklers, the design area 
shall be permitted to be reduced by 25 percent, but 
not below 2000 ft? (186 m°), regardless of tempera- 
ture rating. 


(1) Minimum clearance between sprinkler deflector and top of storage shall be maintained as required. 
(2) Column designations correspond to the configuration of plastics storage as follows: 


(4) Hose streams and durations shall be as follows: <5 ft 250 gpm (946 L/min) and 
90 minutes; >5 ft to <20 ft 500 gpm (1900 L/min) and 120 minutes; >20 ft to <25 ft 


(3) For closed arrays, the area shall be permitted to be re- 
duced to 2000 ft? (186 m°). 


15.2.9* Interpolation of densities between storage heights 
shall be permitted. 


15.2.9.1 Densities shall be based on the 2500 ft? (232 m) 
design area. 


15.2.9.2 Interpolation of ceiling/roof heights shall not be 
permitted. 


15.2.10 For storage of Group A plastics between 5 ft (1.5 m) 
and 12 ft (3.7 m) in height, the installation requirements for 
extra hazard systems shall apply. 


15.3 CMSA Sprinklers for Palletized or Solid-Piled Storage of 
Plastic and Rubber Commodities. 


15.3.1 Protection of palletized and solid-piled storage of un- 
expanded and expanded plastic and rubber commodities 
shall be in accordance with Table 15.3.1. 


15.3.2 Protection shall be provided as specified in Table 15.3.1 
or appropriate NFPA standards in terms of minimum operating 
pressure and the number of sprinklers to be included in the de- 
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Table 15.3.1 CMSA Sprinkler Design Criteria for Palletized and Solid-Piled Storage of Plastic and Rubber Commodities 
Maximum Storage Maximum 0. Water 
Height Ceiling/Roof Height Number Minimum Supply 
Storage Commodity K-Factor Typeof | of Design | Operating | Hose Stream Duration 
Arrangement Class ft m ft m /Orientation System | Sprinklers | Pressure Allowance (hours) 
11.2 Wet 25 25 psi 2 
(160) (1.7 bar) 
Upright 
16.8 Wet 15 22 psi 1% 
20 6.1 30 9.1 (240) (1.5 bar) 
Upright 
19.6 Wet 15 16 psi 1% 
(280) (1.1 bar) 
Pendent 
Cartoned 16.8 Wet 15 22 psi 1% 
Palletized unexpanded (240) (1.5 bar) 
plastics Upright 
25 7.6 30 9.1 
19.6 Wet 15 16 psi 1% 
(280) (1.1 bar) 
Pendent 
30 9.1 35 10.6 19.6 Wet 15 25 psi 1% 
(280) (1.7 bar) 
Pendent 
35 10.6 40 12.1 19.6 Wet 15 30 psi 1% 
(280) (2.1 bar) 
Pendent 
11.2 Wet 15 50 psi 1% 
(160) (3.5 bar) 
Upright 
16.8 Wet 15 22 psi 1% 
20 6.1 30 9.1 (240) (1.5 bar) 
Upright 
19.6 Wet 15 16 psi 1% 
(280) (1.1 bar) 
Pendent 
Cartoned 16.8 Wet 15 22 psi 500 1% 
Solid piled unexpanded (240) (1.5 bar) (1900 EP min) 
plastics Upright 7 
25 7.6 30 9.1 
19.6 Wet 15 16 psi 1% 
(280) (1.1 bar) 
Pendent 
30 9.1 35 10.6 19.6 Wet 15 25 psi 1% 
(280) (1.7 bar) 
Pendent 
35 10.6 40 12:1 19.6 Wet 15 30 psi 1% 
(280) (2.1 bar) 
Pendent 
11.2 Wet 25 25 psi 2 
(160) (1.7 bar) 
Upright 
20 6.1 30 9.1 
Exposed 16.8 Wet 15 22 psi 1% 
unexpanded (240) (1.5 bar) 
plastics Upright 
25 7.6 30 9.1 16.8 Wet 15 22 psi 1% 
Palletized (240) (1.5 bar) 
Upright 
11.2 Wet 15 50 psi 1% 
Cartoned or (160) (3.5 bar) 
exposed 18 5.5 26 7.9 — 
expanded 16.8 Wet 15 22 psi 1% 
plastics (240) (1.5 bar) 
Upright 
11:2 Wet 15 50 psi 1% 
Cartoned or (160) (3.5 bar) 
i Upright 
Solid piled exposed EZE 
unexpanded 16.8 Wet 15 22 psi 1% 
plastics (240) (1.5 bar) 
Upright 
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15.3.3 Open Wood Joist Construction. 


15.3.3.1 Where CMSA sprinklers are installed under open 
wood joist construction, their minimum operating pressure 
shall be 50 psi (3.4 bar) for a K-11.2 (160) sprinkler or 22 psi 
(1.5 bar) for a K-16.8 (240) sprinkler. 


15.3.3.2 Where each joist channel of open wood joist con- 
struction is fully firestopped to its full depth at intervals not 
exceeding 20 ft (6.1 m), the lower pressures specified in Table 
15.3.1 shall be permitted to be used. 


15.3.4 Hose stream allowance and water supply duration re- 
quirements shall be in accordance with Table 15.3.1. 


15.3.5 Preaction Systems. For the purpose of using Table 
15.3.1, preaction systems shall be classified as dry pipe systems. 


15.3.6 Building steel shall not require special protection 
where Table 15.3.1 is applied as appropriate for the storage 
configuration. 


15.4 Early Suppression Fast-Response (ESFR) Sprinklers for 
Palletized or Solid-Piled Storage of Plastic and Rubber Com- 
modities. 


15.4.1 Protection of palletized and solid-piled storage of car- 
toned or uncartoned unexpanded plastic and cartoned ex- 
panded plastic shall be in accordance with Table 15.4.1. 


Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of Plastic and Rubber Commodities 


Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream A 
Storage Height Height E Pressure Allowance Water Supp. y 
Storage Nominal Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar gpm L/min (hours) 
14.0 Upright/ 50 34 
(200) Pendent 
16.8 Upright/ 35 2.4 
(240) Pendent 
25 7.6 
22.4 Pendent 25 1.7 
(320) 
25.2 Pendent 15 1.0 
(360) 
14.0 Upright/ 50 3.4 
(200) Pendent 
16.8 Upright/ 35 2.4 
(240) Pendent 
30 9.1 22.4 Pendent 25 17 
(320) 
Palletized and 25.2 Pendent 15 1.0 
solid-piled (360) 
storage 
(no open-top Cartoned 14.0 Upright/ 75 5.2 
containers or 2 
lid shelves) unexpanded d (200) Pendent . 
songs 2 plastic 20 6.1 250 946 1 
16.8 Upright/ 52 3.6 
35 10.7 (240) Pendent 
22.4 Pendent 35 2.4 
(320) 
25.2 Pendent 20 1.4 
(360) 
14.0 Pendent 75 5.2 
(200) 
16.8 Pendent 52 3.6 
(240) 
40 12.2 
22.4 Pendent 40 2.8 
(320) 
25.2 Pendent 25 1.7 
(360) 
45 13.7 22.4 Pendent 40 2.8 
(320) 
25.2 Pendent 40 2.8 
(360) 


(continues) 
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Table 15.4.1 Continued 
Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream wW: s n 
Storage Height Height i Pressure Allowance ater UPPI 
Storage Nominal Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar gpm L/min (hours) 
14.0 Upright/ 50 3.4 
(200) Pendent 
16.8 Upright/ 35 2.4 
(240) Pendent 
30 9.1 
22.4 Pendent 25 17 
(320) 
25.2 Pendent 15 1.0 
(360) 
14.0 Upright/ 60 41 
(200) Pendent 
32 9.8 
16.8 Upright/ 42 2.9 
(240) Pendent 
14.0 Upright or 75 5.2 
(200) pendent 
16.8 Upright/ 52 3.6 
(240) Pendent 
35 10.7 
95 10.7 22.4 Pendent 35 24 
(320) 
25.2 Pendent 20 1.4 
(360) 
14.0 Pendent 75 5.2 
(200) 
Palletized and 16.8 Pendent 52 3.6 
solid-piled (240) 
storage i 
` 0 12.2 
(no open-top |. Cartoned 29.4 Pendent 40 2.8 250 946 1 
containers or 
: : unexpanded (320) 
solid shelves) : 
plastic 
25.2 Pendent 25 E7 
(360) 
45 13:7 22.4 Pendent 40 2.8 
(320) 
25.2 Pendent 40 2.8 
(360) 
14.0 Upright/ 75 5.2 
(200) Pendent 
16.8 Upright/ 52 3.6 
(240) Pendent 
35 10.7 
22.4 Pendent 35 2.4 
(320) 
25:2 Pendent 20 14 
(360) 
14.0 Pendent 75 52 
(200) 
30 9.1 
16.8 Pendent 52 3.6 
(240) 
40 12.2 
22.4 Pendent 40 2.8 
(320) 
25.2 Pendent 25 1:7 
(360) 
22.4 Pendent 40 2.8 
(320) 
45 13.7 
25.2 Pendent 40 2.8 
(360) 
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Table 15.4.1 Continued 
Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream w S A 
Storage Height Height M Pressure Allowance ater upp y 
Storage Nominal Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar gpm L/min (hours) 
14.0 Pendent 75 one 
(200) 
16.8 Pendent 52 3.6 
(240) 
40 12.2 22.4 Pendent 40 2.8 
(320) 
Cartoned 35 10.7 25.2 Pendent 25 1.7 
unexpanded (360) 
plastic 
22.4 Pendent 40 2.8 
(320) 
45 13.7 
25.2 Pendent 40 2.8 
(360) 
22.4 Pendent 40 2.8 
(320) 
40 12.2 45 13.7 
25.2 Pendent 40 2.8 
(360) 
14.0 Pendent 50 3.4 
(200) 
25 7.6 
16.8 Pendent 35 2.4 
(240) 
14.0 Pendent 50 3.4 
(200) 
Palletized and 30 9.1 16.8 Pendent 35 2.4 
solid-piled (240) 
, ongs 20 61 
panda Desa a 14.0 Pendent 75 5.2 250 946 1 
containers Or (200) 
solid shelves) 35 10.7 
16.8 Pendent 52 3.6 
(240) 
14.0 Pendent 75 5.2 
(200) 
40 12.2 
16.8 Pendent 52 3.6 
(240) 
Exposed 14.0 Pendent 50 3.4 
unexpanded (200) 
plastic 30 9.1 
16.8 Pendent 35 2.4 
(240) 
14.0 Pendent 60 41 
(200) 
32 9.8 
16.8 Pendent 42 2.9 
(240) 
14.0 Pendent 75 5.2 
Jk (200) 
= ae 35 | 10.7 
16.8 Pendent 52 3.6 
(240) 
14.0 Pendent 75 5.2 
(200) 
16.8 Pendent 52 3.6 
(240) 
40 12.2 
22.4 Pendent 50 3.4 
(320) 
25.2 Pendent 50 3.4 
(360) 
(continues) 
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Table 15.4.1 Continued 
Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream s n 
Storage Height Height i Pressure Allowance Water upp. y 
Storage Nominal Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar gpm L/min (hours) 
14.0 Pendent 75 5.2 
(200) 
35 10.7 
16.8 Pendent 52 3.6 
(240) 
14.0 Pendent 75 5.2 
(200) 
30 9.1 16.8 Pendent 52 3.6 
(240) 
Exposed 40 12.2 22.4 Pendent 50 3.4 
unexpanded (320) 
plastic 
25.2 Pendent 50 3.4 
(360) 
14.0 Pendent 75 5.2 
(200) 
16.8 Pendent 52 3.6 
(240) 
Palletized and 35 10.7 40 122 22.4 Pendent 50 3.4 
solid-piled (320) 
storage 
(no opentop 25.2 Pendent 50 34 | 250 946 1 
containers or (360) 
solid shelves) 
14.0 Upright/ 50 3.4 
(200) Pendent 
25 7.6 
16.8 Upright/ 35 2.4 
(240) Pendent 
20 6.1 
14.0 Upright/ 50 3.4 
(200) Pendent 
30 9.1 
: 16.8 Upright/ 35 2.4 
Cartoned (240) Pendent 
expanded 
plastic 14.0 Upright/ 50 3.4 
(200) Pendent 
30 9.1 
16.8 Upright/ 35 2.4 
(240) Pendent 
25 7.6 
14.0 Pendent 60 4.1 
(200) 
32 9.8 
16.8 Upright/ 42 2.9 
(240) Pendent 
Exposed* 25 7.6 40 12.2 25.2 Pendent 60 4.1 
expanded (360) 
plastic 


* Applies to closed array storage only. 


15.4.2 ESFR sprinkler systems shall be designed such that the 
minimum operating pressure is not less than that indicated in 
Table 15.4.1 for type of storage, commodity, storage height, 
and building height involved. 


15.4.3 The design area shall consist of the most hydraulically 
demanding area of 12 sprinklers, consisting of four sprinklers 
on each of three branch lines. 


15.44 Where ESFR sprinklers are installed above and below 
obstructions, the discharge for up to two sprinklers for one of 
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the levels shall be included with those of the other level in the 
hydraulic calculations. 


15.4.5 Special Design for Palletized, Solid-Piled, Bin Box, or 
Shelf Storage of Plastic and Rubber Commodities. (Reserved) 


15.5 High-Expansion Foam — Reduction to Ceiling Density. 
A reduction in ceiling density to one-half that required for 
Class I through Class IV commodities, idle pallets, or plastics 
shall be permitted without revising the design area, but the 
density shall be no less than 0.15 gpm /ft? (6.1 mm/min). 
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Chapter 16 Protection of Class I Through Class IV 
Commodities That Are Stored on Racks 


16.1 General. 


16.1.1 This section shall apply to storage of materials repre- 
senting the broad range of combustibles stored in racks. The 
requirements of Chapter 12 shall apply unless modified by this 
chapter. (See Section C.9.) 


16.1.2* Sprinkler Protection Criteria. 


16.1.2.1 Sprinkler protection criteria for the storage of mate- 
rials on racks shall be in accordance with Section 16.2 for stor- 
age up to 25 ft (7.6 m) and Section 16.3 for storage over 25 ft 
(7.6 m). 


16.1.2.2* Protection criteria for Group A plastics shall be per- 
mitted for the protection of the same storage height and con- 
figuration of Class I, II, III, and IV commodities. 


16.1.3 Movable Racks. Rack storage in movable racks shall be 
protected in the same manner as multiple-row racks. 


16.1.4 Fire Protection of Steel Columns — Columns Within 
Storage Racks of Class I Through Class IV and Plastic Com- 
modities. See Section C.10. 


16.1.4.1 Where fireproofing of building columns is not pro- 
vided and storage heights are in excess of 15 ft (4.6 m), pro- 
tection of building columns within the rack structure or verti- 
cal rack members supporting the building shall be protected 
in accordance with one of the following: 


(1) Sidewall sprinklers at the 15 ft (4.6 m) elevation, pointed 
toward one side of the steel column 

Provision of ceiling sprinkler density for a minimum of 
2000 ft? (186 m”) with ordinary 165°F (74°C) or high- 
temperature 286°F (141°C) rated sprinklers as shown in 
Table 16.1.4.1 for storage heights above 15 ft (4.6 m), up 
to and including 20 ft (6.1 m) 

(3) Provision of CMSA or ESFR ceiling sprinkler protection 


(2) 


Table 16.1.4.1 Ceiling Sprinkler Densities for Protection of 
Steel Building Columns 


Aisle Width 
4 ft (1.2 m) 8 ft (2.4 m) 
Commodity 
Classification | gpm/ft® | (L/min)/m? | gpm/ft? | (L/min)/m? 
Class I 0.37 15.1 0.33 13.5 
Class II 0.44 17.9 0.37 15.1 
Class III 0.49 20.0 0.42 17.1 
Class IV 0.68 277 0.57 23.2 


16.1.4.1.1 This protection shall not be required where stor- 
age in fixed racks is protected by in-rack sprinklers. 


16.1.4.2 The flow from a column sprinkler(s) shall be per- 
mitted to be omitted from the sprinkler system hydraulic 
calculations. 


16.1.5 High-Expansion Foam. 
16.1.5.1 High-Expansion Foam Ceiling Sprinkler Density. 


16.1.5.1.1 Where high-expansion foam systems are used in 
combination with ceiling sprinklers, the minimum ceiling 


sprinkler design density shall be 0.2 gpm/ft” (8.1 mm/min) 
for Class I, Class II, or Class III commodities or 0.25 gpm/ ft? 
(10.2 mm/min) for Class IV commodities for the most hydrau- 
lically remote 2000 ft? (186 m3) operating area. 


16.1.5.1.2 Where high-expansion foam systems are used in 
combination with ceiling sprinklers, the maximum submer- 
gence time shall be 7 minutes for Class I, Class II, or Class III 
commodities and 5 minutes for Class IV commodities. 


16.1.5.1.3 Where high-expansion foam systems are used for 
storage over 25 ft (7.6 m) high up to and including 35 ft 
(10.7 m) high, they shall be used in combination with ceiling 
sprinklers. 


16.1.5.1.3.1 The maximum submergence time for the high- 
expansion foam shall be 5 minutes for Class I, Class II, or 
Class III commodities and 4 minutes for Class IV commodities. 


16.1.5.2 In-rack sprinklers shall not be required where high- 
expansion foam systems are used in combination with ceiling 
sprinklers. 


16.1.5.3 Detectors for High-Expansion Foam Systems. 


16.1.5.3.1 Detectors shall be listed and shall be installed in 
one of the following configurations: 


(1) At the ceiling only where installed at one-half the listed 
linear spacing [e.g., 15 ft x 15 ft (4.6 m x 4.6 m) rather 
than at 30 ft x 30 ft (9.1 m x 9.1 m)]; at the ceiling at the 
listed spacing and in racks at alternate levels 

(2) Where listed for rack storage installation and installed in 
accordance with the listing to provide response within 
1 minute after ignition using an ignition source that is 
equivalent to that used in a rack storage testing program 


16.1.5.3.2 Ceiling detectors alone shall not be used where 
the ceiling/roof clearance from the top of the storage exceeds 
10 ft (3.1 m) or the height of the storage exceeds 25 ft (7.6 m). 


16.1.5.4 Detectors for preaction systems shall be installed in 
accordance with 16.1.5.3. 


16.1.6 Solid Shelf Rack. 


16.1.6.1 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 20 ft” (1.86 m”) but does not ex- 
ceed 64 ft? (5.95 m?) in area, sprinklers shall not be required 
below every shelf, but shall be installed at the ceiling and be- 
low shelves at intermediate levels not more than 6 ft (2 m) 
apart vertically. (See Section C.11.) 


16.1.6.2 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 64 ft? (5.95 m?) in area or where 
the levels of storage exceed 6 ft (2 m), sprinklers shall be in- 
stalled at the ceiling and below each level of shelving. 


16.1.6.3 Where multiple-row racks have no longitudinal flue, 
the situation shall not be considered solid shelves where trans- 
verse flues exist at maximum 5 ft (1.5 m) intervals and addi- 
tional in-rack sprinklers shall not be required in accordance 
with 16.1.6.1 and 16.1.6.2. 


16.1.6.4 In-rack sprinklers shall be horizontally spaced in ac- 
cordance with 16.2.4.2 and 16.3.4.2 as applicable. 


16.1.6.5 Design criteria for combined ceiling and in-rack 
sprinklers shall be used for the storage configurations in 
16.1.6.1 and 16.1.6.2. 


16.1.7 Open-Top Combustible Containers. See Section C.12. 
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16.1.8 In-Rack Sprinklers. 


16.1.8.1 The number of sprinklers and the pipe sizing on a 
line of sprinklers in racks shall be restricted only by hydraulic 
calculations and not by any piping schedule. 


16.1.8.2 When in-rack sprinklers are necessary to protect a 
higher-hazard commodity that occupies only a portion of the 
length of a rack, in-rack sprinklers shall be extended a mini- 
mum of 8 ft (2.44 m) or one bay, whichever is greater, in each 
direction along the rack on either side of the higher hazard. 
The in-rack sprinklers protecting the higher hazard shall not 
be required to extend across the aisle. 


16.1.8.3 Where a storage rack, due to its length, requires less 
than the number of in-rack sprinklers specified, only those 
in-rack sprinklers in a single rack need to be included in the 
calculation. 


16.1.9* Horizontal Barriers and In-Rack Sprinklers. 


16.1.9.1 Where required by other sections of this standard, 
horizontal barriers used in conjunction with in-rack sprinklers 
to impede vertical fire development shall be constructed of 
sheet metal, wood, or similar material and shall extend the full 
length and depth of the rack. 


16.1.9.2 Barriers shall be fitted within 2 in. (51 mm) horizon- 
tally around rack uprights. 


16.1.10 Flue Space Requirements for Storage Up to and In- 
cluding 25 ft (7.6 m). See Section C.13. 


16.1.10.1 In double-row and multiple-row racks without solid 
shelves, a longitudinal (back-to-back clearance between loads) 
flue space shall not be required. 


16.1.10.2 Nominal 6 in. (152.4 mm) transverse flue spaces 
between loads and at rack uprights shall be maintained in 
single-row, double-row, and multiple-row racks. 


16.1.10.3 Random variations in the width of flue spaces or in 
their vertical alignment shall be permitted. 


16.1.11 Flue Space Requirements for Storage Over 25 ft (7.6 m). 


16.1.11.1 Nominal 6 in. (152.4 mm) transverse flue spaces 
between loads and at rack uprights shall be maintained in 
single-row, double-row, and multiple-row racks. 


16.1.11.1.1 Nominal 6 in. (152.4 mm) longitudinal flue 
spaces shall be provided in double-row racks. 


16.1.11.1.2 Random variations in the width of the flue spaces 
or in their vertical alignment shall be permitted. 


16.1.11.2 In single-row, double-row, or multiple-row racks, a 
minimum 6 in. (152.4 mm) vertical clear space shall be main- 
tained between the in-rack sprinkler deflectors and the top of 
a tier of storage. 
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16.1.11.2.1 Face sprinklers in such racks shall be located 
within the rack a minimum of 3 in. (76 mm) from rack up- 
rights and no more than 18 in. (460 mm) from the aisle face of 
storage. 


16.1.11.2.2 Longitudinal flue in-rack sprinklers shall be lo- 
cated at the intersection with the transverse flue space and 
with the deflector located at or below the bottom of horizontal 
load beams or above or below other adjacent horizontal rack 
members. 


16.1.11.2.3 Such in-rack sprinklers shall be a minimum of 
3 in. (76 mm) radially from the side of the rack uprights. 


16.2 Protection Criteria for Rack Storage of Class I Through 
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. 


16.2.1 Control Mode Density/Area Sprinkler Protection Crite- 
ria for Rack Storage of Class I Through Class IV Commodities 
Stored Up to and Including 25 ft (7.6 m) in Height. 


16.2.1.1 The area and density for the hydraulically remote 
area and the water supply shall be determined as specified in 
16.2.1.2 for storage up to 12 ft (3.7 m) and 16.2.1.3 to 
16.2.1.3.5 for storage over 12 ft (3.7 m). 


16.2.1.2 Protection Criteria for Rack Storage of Class I Through 
IV Commodities Stored Up to 12 ft (3.7 m) in Height. 


16.2.1.2.1 The protection criteria for storage up to and in- 
cluding 12 ft (3.7 m) shall be the same as miscellaneous stor- 
age, selected from Chapter 13. 


16.2.1.2.2 The protection criteria in Chapter 13 shall be ac- 
ceptable for storage of Class I through Class IV commodities 
up to and including 12 ft (3.7 m) in height. (See Table 13.2.1 for 
specific Class I through Class IV storage height protection criteria.) 


16.2.1.3 Protection Criteria for Rack Storage of Class I Through 
Class IV Commodities Stored Over 12 ft (3.7 m) in Height. 


16.2.1.3.1* Ceiling sprinkler water demand shall be determined 
in accordance with 16.2.1.3.2 for single- and double-row racks or 
16.2.1.3.3 for multiple-row racks. (See Section C. 14.) 


16.2.1.3.2* For single- or double-row racks for Class I, Class II, 
Class III, or Class IV commodities, encapsulated or nonencap- 
sulated in single- or double-row racks, ceiling sprinkler water 
demand in terms of density [gpm/ft? (mm/min) ] and area of 
sprinkler operation (ft? (m”) of ceiling or roof] shall be se- 
lected from the density/area curves of Figure 16.2.1.3.2(a) 
through Figure 16.2.1.3.2(g) that are appropriate for each 
commodity and configuration as shown in Table 16.2.1.3.2 
and shall be modified as appropriate by 16.2.1.3.4. These re- 
quirements shall apply to portable racks arranged in the same 
manner as single- or double-row racks. 
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Table 16.2.1.3.2 Single- or Double-Row Racks — Storage Height Over 12 ft (3.7 m) 
Up to and Including 25 ft (7.6 m) Without Solid Shelves 


Ceiling Sprinkler Water Demand 
Aisles* With In-Rack Sprinklers Without In-Rack Sprinklers 
Sprinklers 
Commodity Mandatory Apply Figure Apply Figure 
Height Class Encapsulated ft m In-Rack Figure Curves 16.2.1.3.4.1 Figure Curves 16.2.1.3.4.1 
4 2 Cand D FandH 
No No 16.2.1.3.2() [7 16.2.1.3.2(a) -— Yes 
8 2.4 AandB EandG 
I 
4 2 Cand D Gand H 
Yes No 16.2.1.3.2(e) 16.2.1.3.2(e) Yes 
8 2.4 AandB E and F 
4 2 Cand D G and H 
No No 16.2.1.3.2(b) 16.2.1.3.2(b) Yes 
8 2.4 AandB E and F 
I 
4 2 Cand D Gand H 
Over 12 ft Yes No 16.2.1.3.2(e) 16.2.1.3.2(e) Yes 
(3.7 m), up 8 24 A and B E and F 
to and Yes 
including 4 2 Cand D GandH 
20 ft (6.1 m) No No 16.2.1.3.2(c) 16.2.1.3.2(c) Yes 
8 2.4 AandB E and F 
m 
4 2 Cand D 
Yes 1 level 16.2.1.3.2(f) — — — 
8 24 Aand B 
4 2 Cand D Gand H 
No No 16.2.1.3.2(d) 16.2.1.3.2(d) Yes 
8 24 Aand B E and F 
IV 
4 2 Cand D 
Yes 1 level 16.2.1.3.2(g) — — — 
8 2.4 AandB 
No 4 2 Cand D Fand H 
No 16.2.1.3.2(a) 16.2.1.3.2(a) Yes 
8 2.4 AandB EandG 
I 
Yes 4 2 Cand D 
1 level 16.2.1.3.2(e) — — — 
8 2.4 AandB 
No 4 2 Cand D GandH 
No 16.2.1.3.2(b) 16.2.1.3.2(b) Yes 
8 2.4 AandB E and F 
Il 
Yes 4 12 Cand D 
Over 20 ft 1 level 16.2.1.3.2(e) — — — 
(6.1 m), up 8 24 Aand B 
toand No 
including No 4 1.2 Cand D GandH 
22 ft (6.7 m) No 16.2.1.3.2(c) 16.2.1.3.2(c) Yes 
8 2.4 AandB E and F 
Ul 
Yes 4 12 Cand D 
1 level 16.2.1.3.2(f) — — — 
8 2.4 AandB 
No 4 12 Cand D GandH 
No 16.2.1.3.2(d) 16.2.1.3.2(d) Yes 
E and F 
IV 
1 level 16.2.1.3.2(g) — — — 
8 2.4 AandB 


(continues) 
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Table 16.2.1.3.2 Continued 


Ceiling Sprinkler Water Demand 
Aisles* With In-Rack Sprinklers Without In-Rack Sprinklers 
Sprinklers 
Commodity Mandatory Apply Figure Apply Figure 
Height Class Encapsulated ft m In-Rack Figure Curves 16.2.1.3.4.1 Figure Curves 16.2.1.3.4.1 
No 4 2 CandD FandH 
No 6.2.1.3.2(a) 16.2.1.3.2(a) Yes 
8 2.4 AandB EandG 
I 
Yes 4 2 Cand D 
1 level 6.2.1.3.2(e) — — — 
8 2.4 AandB 
No 4 2 Cand D GandH 
No 6.2.1.3.2(b) 16.2.1.3.2(b) Yes 
8 2.4 AandB E and F 
II 
Yes 4 2 Cand D 
Over 22 ft 1 level 6.2.1.3.2(e) — — — 
(6.7 m), up 8 2.4 Aand B 
to and No 
including No 4 2 Cand D Gand H 
25 ft (7.6 m) No 16.2.1.3.2(c) 16.2.1.3.2(c) Yes 
8 2.4 AandB E and F 
MI 
Yes 4 2 Cand D 
1 level 16.2.1.3.2(f) — — — 
8 2.4 AandB 
No 4 2 Cand D 
16.2.1.3.2(d) — — — 
8 2.4 AandB 
IV 1 level 
Yes 4 2 Cand D 
16.2.1.3.2(g) — — — 
8 2.4 AandB 


*See 16.2.1.2.1 for interpolation of aisle widths. 
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557 


465 


372 


279 


186 


93 


2 


Design area of sprinkler operation (m 


Curve Legend 


A — Single- or double-row racks 


with 8 ft (2.44 m) aisles 
with high temperature 
ceiling sprinklers and 
ordinary temperature 
in-rack sprinklers 

B— Single- or double-row 
racks with 8 ft (2.44 m) 
aisles with ordinary 
temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 


Curve 


E— 


F— 


G— 


H— 


C — Single- or double-row racks 


with 4 ft (1.22 m) aisles 


or multiple-row racks with 
high temperature ceiling 


sprinklers and ordinary 
temperature in-rack 
sprinklers 


/— 


D — Single- or double-row racks 


with 4 ft (1.22 m) aisles 


or multiple-row racks with 


J— 


ordinary temperature ceiling 


sprinklers and ordinary 
temperature in-rack 
sprinklers 


Ceiling sprinkler density (mm/min) 

4.1 6.1 8.1 10.2 12.2 14.3 16.3 18.3 
_ 6000 
& 
© 
2 5000 
© 
® 
Q 
(0) 
© 4000 
= 
= 
N B Es 
= 3000 - Hs 
9 
© Bi 
“ai È a PREH 
2 Single point 
Q design only 

1000 
0.1 0.15 02 0.25 0.3 0.35 0.4 0.45 
Ceiling sprinkler density (gpm/ft2) 
FIGURE 16.2.1.3.2(a) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack 


Storage — Class I Nonencapsulated Commodities — Conventional Pallets. 


Legend 


Single- or double-row racks 
with 8 ft (2.44 m) aisles 
and high temperature 
ceiling sprinklers 

Single- or double-row racks 
with 4 ft (1.22 m) aisles 
and high temperature 
ceiling sprinklers 
Single- or double-row racks 
with 8 ft (2.44 m) aisles 
and ordinary temperature 
ceiling sprinklers 
Single- or double-row racks 
with 4 ft (1.22 m) aisles 
and ordinary temperature 
ceiling sprinklers 
Multiple-row racks with 

8 ft (2.44 m) or wider 

aisles and high 
temperature ceiling 
sprinklers 

Multiple-row racks with 

8 ft (2.44 m) or wider 

aisles and ordinary 
temperature ceiling 
sprinklers 
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Ceiling sprinkler density (mm/min) Curve Legend Curve Legend 
4.1 6.1 8.1 10.2 12.2 143 16.3 18.3 20.4 A — Single- or double-row racks E— Single- or double-row racks 
6000 557 — with 8 ft (2.44 m) aisles with 8 ft (2.44 m) aisles 
& = with high temperature and high temperature 
= = ceiling sprinklers and ceiling sprinklers 
5 5000 465 5 ordinary temperature F— Single- or double-row racks 
T T in-rack sprinklers with 8 ft (2.44 m) aisles 
2 g B— Single- or double-row racks and ordinary temperature 
Q o with 8 ft (2.44 m) aisles ceiling sprinklers 
© 4000 372 5 with ordinary temperature G— Single- or double-row racks 
Ý Ý ceiling sprinklers and with 4 ft (1.22 m) aisles 
a B | a ordinary temperature and high temperature 
a 3000 AB DTE F H J 279 2 in-rack sprinklers ceiling sprinklers 
S - C — Single- or double-row racks H — Single- or double-row racks 
S | S with F ft $ .22 m) PEN with 4 ft (1.22 m) aisles 
or multiple-row racks wi and ordinary temperature 
© 2000 C G RF A i 86 © high temperature ceiling ceiling sprinklers 
D Single point @ sprinklers and ordinary I— Multiple-row racks with 
a design only Q temperature in-rack 8 ft (2.44 m) or wider 
1000 93 sprinklers aisles and high 
0.10 0.15 020 0.25 030 035 040 0.45 0.50 D — Single- or double-row racks temperature ceiling 
ja i F 2 with 4 ft (1.22 m) aisles sprinklers 
Ceiling sprinkler density (gpm/ft*) or multiple-row racks J— Multipie-towrack With 
with ordinary temperature 8 ft (2.44 m) or wider 
ceiling sprinklers and aisles and ordinary 
ordinary temperature temperature ceiling 
in-rack sprinklers sprinklers 
FIGURE 16.2.1.3.2(b) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack 
Storage — Class II Nonencapsulated Commodities — Conventional Pallets. 
Ceiling sprinkler density (mm/min) Curve Legend Curve Legend 
6.1 8.2 10.2 122 143 163 18.3 204 A — Single- or double-row racks E— Sing e- or double-row racks 
6000 557 with 8 ft (2.44 m) aisles with 8 ft (2.44 m) aisles 
T & with high temperature and high temperature 
E £ ceiling sprinklers and ceiling sprinklers 
s s ordinary temperature F— Single- or double-row racks 
= 5000 465 = in-rack sprinklers with 8 ft (2.44 m) aisles 
D © B— Single- or double-row racks and ordinary temperature 
& & with 8 ft (2.44 m) aisles ceiling sprinklers 
& 4000 372 © with ordinary temperature G — Single- or double-row racks 
s = ceiling sprinklers and with 4 ft (1.22 m) aisles 
T A E J T ordinary temperature and high temperature 
2 3900 zB D F H 279 2 in-rack sprinklers ceiling sprinklers 
o O C— Single- or double-row racks H — Single- or double-row racks 
g T with 4 ft (1.22 m) aisles with 4 ft (1.22 m) aisles 
5 I © or multiple-row racks with and ordinary temperature 
S 2000 C G 186 5 high temperature ceiling ceiling sprinklers 
9 Single point & sprinklers and ordinary I— Multiple-row racks with 
a design only ñ temperature in-rack 8 ft (2.44 m) or wider 
1000 93 sprinklers aisles and high 
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 D — Single- or double-row racks temperature ceiling 
n : i 2 with 4 ft (1.22 m) aisles sprinklers 
Ceiling sprinkler density (gpm/ft*) or multiple-row racks with y— Multiple-row racks with 
ordinary temperature 8 ft (2.44 m) or wider 
ceiling sprinklers and aisles and ordinary 
ordinary temperature temperature ceiling 
in-rack sprinklers sprinklers 
FIGURE 16.2.1.3.2(c) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack 
Storage — Class III Nonencapsulated Commodities — Conventional Pallets. 
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Ceiling sprinkler density (mm/min) Curve Legend Curve Legend 
82 10.2 122 143 163 183 204 224 245 A— Single- or double-row racks E— Single- or double-row racks 
| with 8 ft (2.44 m) aisles with 8 ft (2.44 m) aisles 
with high temperature and high temperature 
_. 6000 557 T ceiling sprinklers and ceiling sprinklers 
pa E ordinary temperature F— Single- or double-row racks 
E = in-rack sprinklers with 8 ft (2.44 m) aisles 
5000 465 2 B— Single- or double-row racks and ordinary temperature 
= g with 8 ft (2.44 m) aisles ceiling sprinklers 
2 Single 2 with ordinary temperature G — Single- or double-row racks 
© 4000 point 372 5 ceiling sprinklers and with 4 ft (1.22 m) aisles 
x design st ordinary temperature and high temperature 
£ only = in-rack sprinklers ceiling sprinklers 
È A B D E F H & C— Single- or double-row racks H — Single- or double-row racks 
15 3000 279 5 with 4 ft (1.22 m) aisles or with 4 ft (1.22 m) aisles 
g g multiple-row racks with and ordinary temperature 
5 3 high temperature ceiling ceiling sprinklers 
< 2000 c sprinklers and ordinary 
2 C G1 2 temperature in-rack 
£ £ sprinklers 
1000 D — Single- or double-row racks 
93 à : 
with 4 ft (1.22 m) aisles or 
0.20 0.25 0.30 035 040 045 050 0.55 0.60 multiple-row racks with 
Ceiling sprinkler density (gpm/tt2) ordinary temperature 
ceiling sprinklers and 
Note: Curves C and D also apply to ceiling sprinklers only for multiple-row ordinary temperature 
rack storage up to and including 15 ft (4.57 m) high, and Figure 12.3.2.1.5.1 in-rack sprinklers 


shall not be applied. 


FIGURE 16.2.1.3.2(d) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack 
Storage — Class IV Nonencapsulated Commodities — Conventional Pallets. 


Ceiling sprinkler density (mm/min) Curve Legend 


6.1 8.2 10.2 122 143 163 183 204 A— 8 ft (2.44 m) aisles with 
6000 557 high temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 


B— 8 ft (2.44 m) aisles with 
ordinary temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 

C— 4 ft (1.22 m) aisles with 
high temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 

D— 4 ft (1.22 m) aisles with 
ordinary temperature ceiling 

sprinklers and ordinar 

1000 4 y 


93 temperature in-rack 
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 sprinklers 


Ceiling sprinkler density (gpm/tt2) 


5000 465 


H 
4000 point 372 


3000 - 279 


2000 186 


Design area of sprinkler operation (ft2) 
Oo 
3 
< 

Design area of sprinkler operation (m2) 


FIGURE 16.2.1.3.2(e) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack 
Storage — Sprinkler System Design Curves — Class I and Class II Encapsulated 
Commodities — Conventional Pallets. 
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Curve Legend 


E— 8 ft (2.44 m) aisles with 
high temperature ceiling 
sprinklers 

F— 8 ft (2.44 m) aisles with 
ordinary temperature 
ceiling sprinklers 

G — 4 ft (1.22 m) aisles with 
high temperature ceiling 
sprinklers 

H— 4 ft (1.22 m) aisles with 
ordinary temperature 
ceiling sprinklers 
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PROTECTION OF CLASS I THROUGH CLASS ITV COMMODITIES THAT ARE STORED ON RACKS 13-149 
Ceiling sprinkler density (mm/min) Curve Legend Curve Legend 
6.1 8.2 10.2 122 143 163 183 204 A— 8 ft (2.44 m) aisles with C— 4 ft (1.22 m) aisles with 
6000 557 high temperature ceiling high temperature ceiling 
& $ sprinklers and ordinary sprinklers and ordinary 
= = temperature in-rack temperature in-rack 
5 5000 465 5 sprinklers l l sprinklers l 
Ss Ss B— 8 ft (2.44 m) aisles with D— 4 ft (1.22 m) aisles with 
2 2 ordinary temperature ordinary temperature 
o 2 ceiling sprinklers and ceiling sprinklers and 
& 4000 372 © ordinary temperature ordinary temperature 
Ý Ý in-rack sprinklers in-rack sprinklers 
3 Atstettp 3 
N n 
5 3000 279 5 
s s 
g g 
oo oo 
5 2000 186 5 
n N 
Ko) Ko) 
a a 
1000 93 
0.15 0.20 0.25 0.30 035 040 0.45 0.50 


Ceiling sprinkler density (gpm/tt?) 


Ceiling sprinkler density (mm/min) 


10.2 122 143 163 183 204 224 245 
_ 6000 557 


a 
Q 
fo) 
fo) 


> 
=] 
QO 
1) 


oo 
Q 
Q 
O 


[S] 
fo) 
Q 
O 


Design area of sprinkler operation (ft2 


1000 


0.25 0.30 0.35 0.40 0.45 0.50 0.55 


Ceiling sprinkler density (gpm/ft2) 


0.60 


16.2.1.3.2.1* Design densities for single- and double-row racks 
shall be selected to correspond to aisle width. (See Section C. 15.) 


(A) For aisle widths between 4 ft (1.2 m) and 8 ft (2.4 m), the 
rules for 4 ft (1.2 m) aisle width shall be used or direct linear 
interpolation between the densities shall be permitted. 


(B) The density given for 8 ft (2.4 m) wide aisles shall be 
applied to aisles wider than 8 ft (2.4 m). 


(C) The density given for 4 ft (1.2 m) wide aisles shall be 
applied to aisles narrower than 4 ft (1.2 m) down to 3% ft 
(1.07 m). 


(D) Where aisles are narrower than 3% ft (1.07 m), racks 
shall be considered to be multiple-row racks. 


FIGURE 16.2.1.3.2(f) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack 
Storage — Sprinkler System Design Curves — Class III Encapsulated Commodities — Conventional Pallets. 


Curve Legend Curve 


A— 8 ft (2.44 m) aisles with 
high temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 

B— 8 ft (2.44 m) aisles with 
ordinary temperature 
ceiling sprinklers and 
ordinary temperature 
in-rack sprinklers 


Legend 


C— 4 ft (1.22 m) aisles with 
high temperature ceiling 
sprinklers and ordinary 
temperature in-rack 
sprinklers 

D— 4 ft (1.22 m) aisles with 
ordinary temperature 
ceiling sprinklers and 
ordinary temperature 
in-rack sprinklers 


465 


372 


279 


186 


Design area of sprinkler operation (m2) 


93 


FIGURE 16.2.1.3.2(g) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack 
Storage — Sprinkler System Design Curves — Class IV Encapsulated Commodities — Conventional Pallets. 


16.2.1.3.3 Multiple-Row Racks — Storage Height Over 12 ft 
(3.7 m) Up to and Including 25 ft (7.6 m) Without Solid 
Shelves. 


16.2.1.3.3.1 Multiple-Row Racks — Rack Depth Up to and 
Including 16 ft (4.9 m) with Aisles 8 ft (2.4 m) or Wider. For 
Class I, Class II, Class III, or Class IV commodities, encapsulated 
or nonencapsulated, ceiling sprinkler water demand in terms of 
density [gpm/ft? (mm/min)] and area of sprinkler operation 
(ft? (m?) of ceiling or roof] shall be selected from the density/ 
area curves of Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g) 
that are appropriate for each commodity and configuration as 
shown in Table 16.2.1.3.3.1 and shall be modified as appropriate 
by 16.2.1.3.4. The protection criteria shall apply to portable racks 
arranged in the same manner as single- or double-row racks. 
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Table 16.2.1.3.3.1 Multiple-Row Racks — Rack Depth Up to and Including 16 ft (4.9 m), Aisles 8 ft (2.4 m) or Wider, Storage 


Height Over 12 ft (3.7 m) Up to 25 ft (7.6 m) 


Ceiling Sprinkler Water Demand 
With In-Rack Sprinklers Without In-Rack Sprinklers 
Sprinklers Apply 
Commodity Encap- Mandatory Figure 1.25 Apply Figure 1.25 
Height Class sulated In-Racks Figure Curves | 16.2.1.3.4.1 | x Density Figure Curves | 16.2.1.3.4.1 x Density 
No 16.2.1.3.2(a) No 16.2.1.3.2(a) IandJ No 
I Yes 
Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) IandJ Yes 
No 
No 16.2.1.3.2(b) No 16.2.1.3.2(b) IandJ Yes No 
Over 12 ft Il Cand 
(3.7 m), Yes 16.2.1.3.2(b) | ~“ “3 Yes 16.2.1.3.2(b) | TandJ Yes 
up to and Yes 
including No No 16.2.1.3.2(c) 3 No 16.2.1.3.2(c) land J Yes No 
15 ft I 
(4.6 m) Yes 1 level 16.2.1.3.2(c) Yes NA NA NA 
No No 16.2.1.3.2(d) No 16.2.1.3.2(d) | Cand D No No 
IV 5 
Yes 1 level 16.2.1.3.2(a) | “2nd a NA NA NA 
B x density 
No 16.2.1.3.2(a) No 16.2.1.3.2(a) IandJ No 
I Yes 
Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) land J Yes 
No 
No 16.2.1.3.2(b) No 16.2.1.3.2(b) IandJ No 
Over 15 ft I Cand Yes 
(4.6 m), Yes 16.2.1.3.2(b) | “2 Yes 16.2.1.3.2(b) | TandJ Yes 
up to and D Yes 
including No No 16.2.1.3.2(c) SR No 16.2.1.3.2(c) land J Yes No 
20 ft Il 
(6.1 m) Yes 1 level 16.2.1.3.2(c) Yes 
No 16.2.1.3.2(d) No N NA NA an 
IV oe llevel | 16.9.1.3.9(a) | And B 1.50 
j x density 
No No 16.2.1.3.2(a) No 16.2.1.3.2(a) IlandJ Yes No 
I 
Yes 1 level 16.2.1.3.2(a) Yes 
No 16.2.1.3.2(b) No 
Over 20 ft Il Gand 
(6.1 m), Yes 16.2.1.3.2(b) | ~“ D. Yes 
up to and 1 level No 
including No 16.2.1.3.2(c) No £ P 
sn m NA NA NA NA 
(7.6 m) Yes 16.2.1.3.2(c) Yes 
No 16.2.1.3.2(d) No 
IV Yes 2 levels 16.2.1.3.2(d Aand 1.50 
2.1.3.2(d) B x density 


NA: Not applicable. 
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16.2.1.3.3.2 Multiple-Row Racks — Rack Depth Over 16 ft 
(4.9 m) or Aisles Narrower Than 8 ft (2.4 m). For Class I, 
Class II, Class III, or Class IV commodities, encapsulated or non- 
encapsulated, ceiling sprinkler water demand in terms of density 
Igpm/ft? (mm/min) | and area of sprinkler operation (ft? (m?) 
of ceiling or roof] shall be selected from the density/area curves 
of Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g) that are ap- 
propriate for each commodity and configuration as shown in 
Table 16.2.1.3.3.2 and shall be modified as appropriate by 
16.2.1.3.4. The protection criteria shall apply to portable racks 
arranged in the same manner as single-, double-, or multiple-row 
racks. 


16.2.1.3.4 Ceiling Sprinkler Density Adjustments. 


16.2.1.3.4.1 For storage height over 12 ft (3.7 m) up to and 
including 25 ft (7.6 m) protected with ceiling sprinklers only and 


for storage height over 12 ft (3.7 m) up to and including 20 ft 
(6.1 m) protected with ceiling sprinklers and minimum required 
in-rack sprinklers, densities obtained from design curves shall be 
adjusted in accordance with Figure 16.2.1.3.4.1. 


16.2.1.3.4.2 For storage height over 20 ft (6.1 m) up to and 
including 25 ft (7.6 m) protected with ceiling sprinklers and 
minimum required in-rack sprinklers, densities obtained from 
design curves shall be used. Densities shall not be adjusted in 
accordance with Figure 16.2.1.3.4.1. 


16.2.1.3.4.3 For storage height over 12 ft (3.7 m) up to and 
including 20 ft (6.1 m) protected with ceiling sprinklers and with 
more than one level of in-rack sprinklers, but not in every tier, 
densities obtained from design curves and adjusted in accor- 
dance with Figure 16.2.1.3.4.1 shall be permitted to be reduced 
an additional 20 percent, as indicated in Table 16.2.1.3.4.3. 


Table 16.2.1.3.3.2 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) or Aisles 
Narrower Than 8 ft (2.4 m), Storage Height Over 12 ft (3.7 m) Up to and Including 25 ft (7.6 m) 


Ceiling Sprinkler Water Demand 
With In-Rack Sprinklers Without In-Rack Sprinklers 
Sprinklers Apply Apply 
Commodity Encap- Mandatory Figure 1.25 Figure 1.25 
Height Class sulated In-Racks Figure Curves | 16.2.1.3.4.1 | x Density Figure Curves | 16.2.1.3.4.1 | x Density 
No 16.2.1.3.2(a) No 16.2.1.3.2(a) IandJ No 
I Yes m 
Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) IandJ Yes 
No No 16.2.1.3.2(b) No 16.2.1.3.2(b) IandJ No 
IU Yes —W 
Over 12 ft Yes 16.2.1.3.2(b) Yes 16.2.1.3.2(b) IandJ Yes 
(3.7 m), up to 5 
and including No 16.2.1.3.2(c) Gand D Yes No 16.2.1.3.2(c) IandJ Yes No 
15 ft (4.6 m) Ul 
Yes 1 level 16.2.1.3.2(c) Yes 
No No 16.2.1.3.2(d) No 16.2.1.3.2(d) | Cand D No No 
IV B 
Yes Ilevel | 16.2.1.3.2(d) K0 
x density 
No 16.2.1.3.2(a) No 
I 
Yes 16.2.1.3.2(a) Yes 
No 16.2.1.3.2(b) No 
I 
Over 15 ft Yes 16.2.1.3.2(b) Yes 
(4.6 m), up to , ~ I 
and including No 1 level 16.2.1.3.2(c) Cand D Yes No NA NA NA NA 
20 ft (6.1 m) Ul 
Yes 16.2.1.3.2(c) Yes 
No 16.2.1.3.2(d) No 
TV 16.2.1.3.2(d) 1.50 
Yes é 
x density 
No 16.2.1.3.2(a) No 
I 
Yes 16.2.1.3.2(a) Yes 
No 16.2.1.3.2(b) No 
Il 1 level 
Over 20 ft Yes 16.2.1.3.2(b) Yes 
(6.1 m), up to `, 1 
and including No 16.2.1.3.2(c) Gand D No No Me uli NA Ma 
25 ft (7.6 m) HI 
Yes 16.2.1.3.2(c) Yes 
No 16.2.1.3.2(d) No 
IV x 2 levels p 
Yes 16.2.1.3.2(d) 1.50 
x density 
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Height of storage (m) 
3.05 4.57 6.10 7.62 9.14 10.67 


Percent of design curve density 


0 1012 15 
Height of storage (ft) 


20 25 30 35 


FIGURE 16.2.1.3.4.1 Ceiling Sprinkler Density vs. Storage 
Height. 
16.2.1.3.4.4 For storage height over 20 ft (6.1 m) up to and 


including 25 ft (7.6 m) protected with ceiling sprinklers and 
with more than the minimum reguired level of in-rack sprin- 
klers, but not in every tier, densities obtained from design 
curves shall be permitted to be reduced 20 percent, as indi- 
cated in Table 16.2.1.3.4.3. Densities shall not be adjusted in 
accordance with Figure 16.2.1.3.4.1 for storage height. 


16.2.1.3.4.5 For storage height over 12 ft (3.7 m) up to and 
including 20 ft (6.1 m) protected with ceiling sprinklers and 
in-rack sprinklers at each tier, densities obtained from design 
curves and adjusted in accordance with Figure 16.2.1.3.4.1 
shall be permitted to be reduced an additional 40 percent, as 
indicated in Table 16.2.1.3.4.3. 


16.2.1.3.4.6 For storage height over 20 ft (6.1 m) up to and 
including 25 ft (7.6 m) protected with ceiling sprinklers and 
in-rack sprinklers at each tier, densities obtained from design 
curves shall be permitted to be reduced 40 percent, as indi- 
cated in Table 16.2.1.3.4.3. Densities shall not be adjusted in 
accordance with Figure 16.2.1.3.4.1 for storage height. 


16.2.1.3.4.7 Where solid, flat-bottom, combustible pallets (slave 
pallets) are used with storage height up to and including 25 ft 
(7.6 m), the densities that are indicated in the design curves 
shown in Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g), 
based on conventional pallets, shall be increased 20 percent for 
the given area. 


(A) The percentage shall be applied to the density deter- 
mined in accordance with Figure 16.2.1.3.4.1. 


(B) The increase in density shall not apply where in-rack 
sprinklers are installed in accordance with Table 16.2.1.3.4.3. 


16.2.1.3.5* The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler sys- 
tem shall be determined by adding the hose stream allowance 
from Table 16.2.1.3.5 to the water supply for sprinklers deter- 
mined in 16.2.1.3. This supply shall be available for the minimum 
duration specified in Table 16.2.1.3.5. (See Section C.8.) 


16.2.2 CMSA Sprinklers for Rack Storage of Class I Through 
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. 


16.2.2.1 Protection of single-, double-, and multiple-row rack 
storage without solid shelves for Class I through Class IV com- 
modities shall be in accordance with Table 16.2.2.1. 


Table 16.2.1.3.4.3 Adjustment to Ceiling Sprinkler Density for Storage Height and In-Rack 
Sprinklers 
Apply Permitted Ceiling Sprinklers 
Figure 16.2.1.3.4.1 Density Adjustments Where 
for Storage Height In-Rack Sprinklers Are 
Storage Height In-Rack Sprinklers Adjustment Installed 
Over 12 ft (3.7 m) None Yes None 
through 25 ft (7.6 m) 
Over 12 ft (3.7 m) Minimum required Yes None 
through 20 ft (6.1 m) 
More than minimum, Yes Reduce density 20% from that of 
but not in every tier minimum in-rack sprinklers 
In every tier Yes Reduce density 40% from that of 
minimum in-rack sprinklers 
Over 20 ft (6.1 m) Minimum required No None 
through 24 ft (7.5 m) 
More than minimum, No Reduce density 20% from that of 
but not in every tier minimum in-rack sprinklers 
In every tier No Reduce density 40% from that of 
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Table 16.2.1.3.5 Hose Stream Allowance and Water Supply Duration Requirements for Rack Storage of Class I Through Class IV 
Commodities Stored Up to and Including 25 ft (7.6 m) in Height 


Total Combined 
Inside and Outside 
Storage Height Inside Hose Hose 
Commodity Duration 
Classification ft L/min (minutes) 
Class I, II, and III Over 12 Over 3.7 0, 50, or 100 0, 190, or 380 1900 90 
Class IV Over 12 Over 3.7 0, 50, or 100 0, 190, or 380 1900 120 
Table 16.2.2.1 CMSA Sprinkler Design Criteria for Rack Storage of Class I 
Through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height 
Maximum 
Maximum Storage Ceiling/Roof S 
| Height Height Number of Minimum Water Supply 
Storage Commodity K-Factor/ Type of Design Operating Hose Stream Duration 
Arrangement Class ft m ft m Orientation System Sprinklers Pressure Allowance (hours) 
Single-, double-, and r 25 psi 500 gpm ig 
multiple-row 11.2 (160) Wet 15 (1.7 bar) (1900 L/min) 1 
racks without E 
U ht 9 : 
solid shelves (no png’ Dry 25 25 psi, 9 
open-top (1.7 bar) 
containers) si 
20 6.1 30 9.1 Wet 15 i 1% 
16.8 (240) (0.7 bar) 
Upright 15 psi 
S oF 5 ps o 
Dry 25 (1.0 bar) 2 
19.6 (280) 2 16 psi 2 
Class I or Pendent Wet 15 (1.1 bar) 1% 
H 25 psi 
Wet 20 ve 2 
11.2 (160) (1.7 bar) 
Upright 25 psi 
Dry 30 (1.7 bar) 2 
10 psi 
25 7.6 30 9.1 Wet 15 1% 
16.8 (240) (0.7 bar) 
Upright 15 psi 
Dry 20 (1.0 bar) 2 
19.6 (280) ‘ : 16 psi ‘i 
Pendent Wish 1 (1.1 bar) 1 
25 psi 
Class III Wet 15 5 1% 
11.2 (160) (1.7 bar) 
Upright 25 psi 
o 3 ps 9 
Dry 25 (1.7 bar) S 
20 6.1 30 9.1 Wet 15 aoe 1% 
16.8 (240) ` (1.0 bar) 
Upright 15 psi 
Dry 25 (1.0 bar) 2 
19.6 (280) i : 16 psi is 
Pendent Wet 15 (1.1 bar) re 


(continues) 
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Table 16.2.2.1 Continued 
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Maximum 
Maximum Storage Ceiling /Roof a 
Height Height Number of | Minimum Water Supply 
Storage Commodity K-Factor/ Type of Design Operating Hose Stream Duration 
Arrangement Class ft m ft m Orientation System Sprinklers Pressure Allowance (hours) 
Single-, double-, and | Class III Wet 15+ 1 level 25 psi 500 gpm 1% 
multiple-row 11.2 (160) of in-rack (1.7 bar) (1900 L/min) 
racks without Upri ht : — 
solid shelves (no png Dry 25 + 1 level 25 psi 2 
open-top of in-rack (1.7 bar) 
containers) 99 psi 
30 9.1 Wet 15 T 1% 
16.8 (240) (1.5 bar) 
Upright D 25 + 1 level 15 psi 9 
y of in-rack (1.0 bar) 
19.6 (280) F 7 16 psi r 
Pendent Wet 15 (1.1 bar) 14 
25 7.6 Wet Tele = Bs 1% 
11.2 (160) of in-rack (1.7 bar) 
Upright Div 25 + 1 level 25 psi 9 
y of in-rack (1.7 bar) 
35 10.6 Wet 15 Segall (ee 1% 
16.8 (240) of in-rack (1.0 bar) 
Upright D 25 + 1 level 15 psi 9 
y of in-rack (1.0 bar) 
19.6 (280) 5 25 psi w 
Pendent Wet 15 (1.7 bar) 1 
19.6 (280) ; 2 30 psi z 
40 12.1 Pendent Wet 15 (2.1 bar) 1% 
"ER 11.2 (160) 7 50 psi i 
Class IV Upright Wet 15 (3.5 bar) 1% 
16.8 (240) 22 psi 
95 T 5 1% 
29 18 Upright Avet 15 (1.5 bar) ie 
19.6 (280) : E 16 psi i 
Pendent Met 15 (1.1 bar) 1a 
Pa 
20 6.1 20 ee 2 
11.2 (160) , (3.5 bar) 
H Wet 
Upright 75 psi 
15 (5.2 bar) 1% 
30 9.1 
16.8 (240) , : 22 psi is 
Upright Wet lg (1.5 bar) I” 
19.6 (280) $ p 16 psi i 
Pendent Wet 15 (1.1 bar) 1⁄4 
11.2 (160) $ 15 + 1 level 50 psi LA 
Upright Wet of in-rack (3.5 bar) Ia 
16.8 (240) 22 psi 
9 Ti 5 i 
30 at Upright Wet l5 (1.5 bar) 1 
19.6 (280) ; g 16 psi 14 
Pendent Wet ta (1.1 bar) 1% 
20 + 1 level 50 psi 9 
11.2 (160) of in-rack (3.5 bar) 
Upright Wet 
Sr : 5 15 +1 level 75 psi i 
25 E of in-rack (5.2 bar) bia 
35 10.6 20 + 1 ae aga psi 9 
16.8 (240) he) of in-rack (1.5 bar) 
: e 
Upright 15 + 1 level 35 psi Ly 
of in-rack (2.4 bar) 
19.6 (280) £ 25 psi 7 
Pendent Wet 1 (1.7 bar) 11 
: 19.6 (280) 7 Fa 30 psi i2 
40 12.1 PaA Wet 15 (2.1bar) 1% 
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16.2.2.2 Where in-rack sprinklers are required by Table 
16.2.2.1, in-rack sprinkler spacing, design pressure, and hy- 
draulic calculation criteria shall be in accordance with the re- 
quirements of 16.2.4 as applicable for the commodity. 


16.2.2.3 Protection shall be provided as specified in Table 
16.2.2.1 or appropriate NFPA standards in terms of minimum 
operating pressure and the number of sprinklers to be in- 


cluded in the design area. 


16.2.2.4 Open Wood Joist Construction. 


16.2.2.4.1 Where CMSA sprinklers are installed under open 
wood joist construction, their minimum operating pressure 
shall be 50 psi (3.4 bar) for a K-11.2 (160) sprinkler or 22 psi 
(1.5 bar) for a K-16.8 (240) sprinkler. 


16.2.2.4.2 Where each joist channel of open wood joist con- 
struction is fully firestopped to its full depth at intervals not 


exceeding 20 ft (6.1 m), the lower pressures specified in Table 
16.2.2.1 shall be permitted to be used. 


16.2.2.5 Hose stream allowance and water supply duration 
requirements shall be in accordance with Table 16.2.2.1. 


16.2.2.6 Preaction Systems. For the purpose of using Table 
16.2.2.1, preaction systems shall be classified as dry pipe sys- 
tems. 


16.2.2.7 Building steel shall not require special protection 
where Table 16.2.2.1 is applied as appropriate for the storage 
configuration. 


16.2.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Class I Through Class IV Commodities 
Stored Up to and Including 25 ft (7.6 m) in Height. 


16.2.3.1 Protection of single-, double-, and multiple-row rack 
storage of Class I through Class IV shall be in accordance with 
Table 16.2.3.1. 


Table 16.2.3.1 ESFR Sprinkler Protection of Rack Storage Without Solid Shelves 
of Class I Through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height 


Maximum Maximum Minimum 
Storage Ceiling/Roof Operating Hose Stream Water 
Height Height Pressure In-Rack Allowance Supply 
Storage Nominal Sprinkler Duration 
Arrangement Commodity ft m ft m K-Factor | Orientation psi bar |Requirements| gpm | L/min (hours) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
25 7.6 
22.4 Pendent 25 1.7 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
14.0 Upright/ 50 34 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
30 9.1 
22.4 Pendent 25 1.7 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
Single-row, Class I, II, III, or 20 6.1 14.0 Upright/ 75 5.2 No 250 946 1 
double-row, and IV, encapsulated (200) Pendent 
multiple-row or unencapsulated 
rack (no 16.8 Upright/ 52 3.6 No 
open-top N (240) Pendent 
containers) 35 10.7 
22.4 Pendent 35 2.4 No 
(820) 
25.2 Pendent 20 1.4 No 
(360) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
40 12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 


(continues) 
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Table 16.2.3.1 Continued 
Maximum Maximum Minimum 
Storage Ceiling/Roof Operating Hose Stream Water 
Height Height Pressure In-Rack Allowance Supply 
Storage Nominal Sprinkler Duration 
Arrangement Commodity ft m ft m K-Factor | Orientation psi bar |Reguirements | gpm | L/min (hours) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.4 Yes 
(240) 
20 6.1 45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
30 9.1 
22.4 Pendent 25 1.7 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
14.0 Upright/ 60 41 No 
(200) Pendent 
32 9.8 
16.8 Upright/ 42 2.9 No 
(240) Pendent 
14.0 Upright/ 75 5.2 No 
(200) Pendent 
Single-row, Class I, II, III, or 25 7.6 16.8 Upright/ 52 3.6 No 250 946 1 
double-row, and IV, encapsulated (240) Pendent 
multiple-row or unencapsulated 35 10.7 
rack (no 22.4 Pendent 35 2.4 No 
open-top (320) 
containers) 
25.2 Pendent 20 1.4 No 
(360) 
14.0 Pendent 75 5:2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
40 12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.4 Yes 
(240) 
45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 


a 2010 Edition 


Posted by Public.Resource.Org. Not affiliated with NFPA 


PROTECTION OF CLASS I THROUGH CLASS IV COMMODITIES THAT ARE STORED ON RACKS 


13-157 


16.2.3.2 ESFR protection as defined shall not apply to the 
following: 


(1) Rack storage involving solid shelves 
(2) Rack storage involving combustible, open-top cartons or 
containers 


16.2.3.3 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 16.2.3.1 for type of storage, commodity, storage 
height, and building height involved. 


16.2.3.4 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. 


16.2.3.5 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 


16.2.4 In-Rack Sprinklers for Rack Storage of Class I Through 
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. 


16.2.4.1 In-Rack Sprinkler Location for Rack Storage of Class I 
Through Class IV Commodities Stored Up to and Including 25 ft 
(7.6 m) in Height. 


16.2.4.1.1 In single- or double-row racks without solid 
shelves, in-rack sprinklers shall be installed in accordance with 
Table 16.2.1.3.2. 


16.2.4.1.2 In multiple-row racks no deeper than 16 ft (4.9 m) 
with aisles 8 ft (2.4 m) or wider, in-rack sprinklers shall be 
installed in accordance with Table 16.2.1.3.3.1. 


16.2.4.1.3 In multiple-row racks deeper than 16 ft (4.9 m) or 
with aisles less than 8 ft (2.4 m) wide, in-rack sprinklers shall 
be installed in accordance with Table 16.2.1.3.3.2. 


16.2.4.1.4 In-rack sprinklers at one level only for storage up 
to and including 25 ft (7.6 m) high shall be located at the first 
tier level at or above one-half of the storage height. 


16.2.4.1.5 In-rack sprinklers at two levels only for storage up to 
and including 25 ft (7.6 m) high shall be located at the first tier 
level at or above one-third and two-thirds of the storage height. 


16.2.4.2 In-Rack Sprinkler Spacing for Rack Storage of Class I 
Through Class IV Commodities Stored Up to and Including 25 ft 
(7.6 m) in Height. 


16.2.4.2.1* Maximum horizontal spacing of in-rack sprinklers 
in single- or double-row racks with nonencapsulated storage 
up to and including 25 ft (7.6 m) in height shall be in accor- 
dance with Table 16.2.4.2.1. For encapsulated storage, maxi- 
mum horizontal spacing shall be 8 ft (2.4 m). 


16.2.4.2.2* Maximum horizontal spacing of in-rack sprinklers 
on branch lines, in multiple-row racks with encapsulated or non- 
encapsulated storage up to and including 25 ft (7.6 m) in height, 
shall not exceed 12 ft (3.7 m) for Class I, II, or III commodities 
and 8 ft (2.4 m) for Class IV commodities, with area limitations of 
100 ft? (9.3 m?) per sprinkler for Class I, II, or HI commodities 
and 80 ft? (7.4 m?) per sprinkler for Class IV commodities. 


16.2.4.2.2.1 The rack plan view shall be considered in deter- 
mining the area covered by each sprinkler. 


16.2.4.2.2.2 The aisles shall not be included in area calcula- 
tions. 


16.2.4.2.3* In-rack sprinklers shall be located at an intersec- 
tion of transverse and longitudinal flues while not exceeding 
the maximum spacing rules. 


16.2.4.2.3.1 Where distances between transverse flues exceed 
the maximum allowable distances, sprinklers shall be installed 
at the intersection of the transverse and longitudinal flues and 
additional sprinklers shall be installed between transverse 
flues to meet the maximum distance rules. 


16.2.4.2.3.2 Where no transverse flues exist, in-rack sprin- 
klers shall not exceed the maximum spacing rules. 


16.2.4.2.4* The elevation of in-rack sprinkler deflectors with 
respect to storage shall not be a consideration in single- or 
double-row rack storage up to and including 20 ft (6.1 m) 
high. (See Section C.16.) 


16.2.4.2.5* In single- or double-row racks without solid shelves 
with storage over 20 ft (6.1 m) high, or in multiple-row racks, 
or in single- or double-row racks with solid shelves and storage 
height up to and including 25 ft (7.6 m), a minimum of 6 in. 
(152.4 mm) vertical clear space shall be maintained between 
the in-rack sprinkler deflectors and the top of a tier of storage. 


16.2.4.2.5.1 Sprinkler discharge shall not be obstructed by 
horizontal rack members. 


16.2.4.2.6 For multiple-row racks, a minimum of 6 in. 
(152.4 mm) shall be maintained between the in-rack sprinkler 
deflector and the top of a tier of storage. 


16.2.4.2.7 Sprinklers installed in racks shall be spaced with- 
out regard to rack uprights. (See Section C.17.) 


16.2.4.3 In-Rack Sprinkler Water Demand for Rack Storage of 
Class I Through Class IV Commodities Stored Up to and In- 
cluding 25 ft (7.6 m) in Height. See Section C.18. 


16.2.4.3.1 The water demand for sprinklers installed in racks 
shall be based on simultaneous operation of the most hydrau- 
lically remote sprinklers as follows: 


(1) Six sprinklers where only one level is installed in racks 
with Class I, Class II, or Class III commodities 


Table 16.2.4.2.1 In-Rack Sprinkler Spacing for Class I, II, III, and IV Commodities Stored Up to 25 ft (7.6 m) in Height 


Commodity Class 
Aisle Widths I and II III IV 
ft m ft m ft m ft m 
8 2.4 12 3.7 12 3.7 10 3.0 
4 1.2 12 3.7 10 3.0 10 3.0 
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(2) Eight sprinklers where only one level is installed in racks 
with Class IV commodities 

Ten sprinklers (five on each two top levels) where more 
than one level is installed in racks with Class I, Class II, or 
Class III commodities 

Fourteen sprinklers (seven on each two top levels) where 
more than one level is installed in racks with Class IV 
commodities 


(3) 


(4) 


16.2.4.3.2 Where a storage rack, due to its length, requires 
less than the number of in-rack sprinklers specified in 
16.2.4.3.1(1) through 16.2.4.3.1(4), only those in-rack sprin- 
klers in a single rack need to be included in the calculation. 


16.2.4.4 In-Rack Sprinkler Discharge Pressure for Rack Stor- 
age of Class I Through Class IV Commodities Stored Up to 
and Including 25 ft (7.6 m) in Height. Sprinklers in racks shall 
discharge at not less than 15 psi (1 bar) for all classes of com- 
modities. (See Section C.19.) 


16.2.5 Special Design for Rack Storage of Class I Through 
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. 


16.2.5.1 Slatted Shelves. 


16.2.5.1.1* Slatted rack shelves shall be considered equivalent 
to solid rack shelves where the shelving is not considered open 
rack shelving or where the requirements of 16.2.5.1.2 are not 
met. (See Section C.20.) 


16.2.5.1.2 A wet pipe system that is designed to provide a mini- 
mum of 0.6 gpm/ft? (24.5 mm/min) density over a minimum 
area of 2000 ft? (186 m”) or K-14.0 (200) ESFR sprinklers operat- 
ing at a minimum of 50 psi (3.5 bar), K-16.8 (240) sprinklers 
operating at a minimum of 32 psi (1.7 bar), K-22.4 (320) 
ESFR sprinklers operating at a minimum of 25 psi (1.7 bar), or 
K-25.2 (360) ESFR sprinklers operating at a minimum of 15 psi 
(1 bar) shall be permitted to protect single-row and double-row 
racks with slatted rack shelving racks where all of the following 
conditions are met: 


(1) Sprinklers shall be K-11.2 (160), K-14.0 (200), or K-16.8 
(240) orifice spray sprinklers with a temperature rating of 
ordinary, intermediate, or high and shall be listed for stor- 
age occupancies or shall be K-14.0 (200), K-16.8 (240), 
K-22.4 (320) ESFR, or K-25.2 (360) ESFR. 

The protected commodities shall be limited to Class I 
through Class IV, Group B plastics, Group C plastics, car- 
toned (expanded and unexpanded) Group A plastics, 
and exposed (unexpanded) Group A plastics. 

Slats in slatted rack shelving shall be a minimum nominal 
2 in. (51 mm) thick by maximum nominal 6 in. (152 mm) 
wide with the slats held in place by spacers that maintain a 
minimum 2 in. (51 mm) opening between each slat. 
Where K-11.2 (160), K-14.0 (200), or K-16.8 (240) orifice 
sprinklers are used, there shall be no slatted shelf levels in 
the rack above 12 ft (3.7 m). Open rack shelving using wire 
mesh shall be permitted for shelf levels above 12 ft (3.7 m). 
Transverse flue spaces at least 3 in. (76 mm) wide shall 
be provided at least every 10 ft (3.1 m) horizontally. 
Longitudinal flue spaces at least 6 in. (152 mm) wide shall 
be provided for double-row racks. Longitudinal flue spaces 
shall not be required where ESFR sprinklers are used. 
The aisle widths shall be at least 714 ft (2.3 m). 

The maximum roof height shall be 27 ft (8.2 m) or 30 ft 
where ESFR sprinklers are used. 
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(2) 


(3) 


(4) 


(5) 
(6) 


(7) 
(8) 


(9) The maximum storage height shall be 20 ft (6.1 m). 
(10) Solid plywood or similar materials shall not be placed on 
the slatted shelves so that they block the 2 in. (51 mm) 
spaces between slats, nor shall they be placed on the wire 
mesh shelves. 


16.3 Protection Criteria for Rack Storage of Class I Through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 


16.3.1 Control Mode Density/Area Sprinkler Protection Crite- 
ria for Rack Storage of Class I Through Class IV Commodities 
Stored Over 25 ft (7.6 m) in Height. 


16.3.1.1* For single- and double-row racks, the water demand 
for nonencapsulated storage without solid shelves separated 
by aisles at least 4 ft (1.2 m) wide and with not more than 10 ft 
(3.1 m) between the top of storage and the sprinklers shall be 
in accordance with Table 16.3.1.1. 


16.3.1.1.1 Where storage as described in 16.3.1.1 is encapsu- 
lated, ceiling sprinkler density shall be 25 percent greater than 
for nonencapsulated storage. 


16.3.1.2 For multiple-row racks, the water demand for non- 
encapsulated storage without solid shelves separated by aisles 
at least 4 ft (1.2 m) wide and with not more than 10 ft (3.1 m) 
between the top of storage and the sprinklers shall be in accor- 
dance with Table 16.3.1.2. 


16.3.1.2.1 Where such storage is encapsulated, ceiling sprin- 
kler density shall be 25 percent greater than for nonencapsu- 
lated storage. 


16.3.1.3 The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream allow- 
ance from Table 16.3.1.3 to the water supply for sprinklers 
determined in Section 16.3. This supply shall be available for 
the minimum duration specified in Table 16.3.1.3. 


16.3.2 CMSA Sprinklers for Rack Storage of Class I Through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 


16.3.2.1 Protection of single-, double-, and multiple-row rack 
storage without solid shelves for Class I through Class IV com- 
modities shall be in accordance with Table 16.3.2.1. 


16.3.2.2 Where in-rack sprinklers are required by Table 
16.3.2.1, in-rack sprinkler spacing, design pressure, and hy- 
draulic calculation criteria shall be in accordance with the re- 
quirements of 16.3.4 as applicable for the commodity. 


16.3.2.3 Protection shall be provided as specified in Table 
16.3.2.1 or appropriate NFPA standards in terms of minimum 
operating pressure and the number of sprinklers to be in- 
cluded in the design area. 


16.3.2.4 Open Wood Joist Construction. 


16.3.2.4.1 Where CMSA sprinklers are installed under open 
wood joist construction, their minimum operating pressure 
shall be 50 psi (3.4 bar) for a K-11.2 (160) sprinkler or 22 psi 
(1.5 bar) for a K-16.8 (240) sprinkler. 


16.3.2.4.2 Where each joist channel of open wood joist 
construction is fully firestopped to its full depth at intervals 
not exceeding 20 ft (6.1 m), the lower pressures specified in 
Table 16.3.2.1 shall be permitted to be used. 


16.3.2.5 Hose stream allowance and water supply duration 
requirements shall be in accordance with Table 16.3.2.1. 
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Table 16.3.1.1 Double-Row Racks Without Solid Shelves of Class I Through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height, Aisles 4 ft (1.2 m) or Wider 


Ceiling Sprinkler Density Clearance Up to 
In-Rack Sprinklers Approximate Vertical Ceiling 10 ft (3.1m) 
Spacing at Tier Nearest the Vertical Sprinkler 
Distance and Maximum Horizontal Operating Ordinary 
Spacing“ Area Temperature High Temperature 
Commodity Maximum 
Class Longitudinal Flue? Face”? Figure Storage Height | Stagger fe m? gpm/ ft? | mm/min gpm/ ft? | mm/min 
Vertical 20 ft (6.1 m) None 16.3.4.1.1.1(a) 30 ft (9.1 m) No 0.25 10.2 0.35 14.3 
Horizontal 10 ft (3.1 m) 
under horizontal barriers 
I Vertical 20 ft (6.1 m) Vertical 20 ft | 16.3.4.1.1.1(b) Yes 2000 | 186 | 025 10.2 0.35 14.3 
Horizontal 10 ft (3.1 m) (6.1 m) Higher than 
Horizontal 25 ft (7.6 m) 
10 ft (3.1 m) 
Vertical 10 ft (3.1 m) orat | None 16.3.4.1.1.1(c) 30 ft (9.1 m) Yes 0.3 12.2 0.4 16.3 
15 ft (4.6 m) and 25 ft (7.6 
m) 
Vertical 10 ft (3.1 m) Vertical 30 ft | 16.3.4.1.1.1(d) Yes 0.3 12.2 0.4 16.3 
Horizontal 10 ft (3.1 m) (9.1 m) 
Horizontal 
10 ft (3.1 m) 
Vertical 20 ft (6.1 m) Vertical 20 ft | 16.3.4.1.1.1(e) Yes 0.3 12.2 0.4 16.3 
Horizontal 10 ft (3.1 m) (6.1 m) 
Horizontal 
1 I, III 5 ft (1.5 m) 2000 | 186 
Vertical 25 ft (7.6 m) Vertical 25 ft | 16.3.4.1.1.1(f) Higher than No 0.3 12.2 0.4 16.3 
Horizontal 5 ft (1.5 m) (7.6 m) 25 ft (7.6 m) 
Horizontal 
5 ft (1.5 m) 
Horizontal barriers at 20 ft 16.3.4.1.1.1(g) Yes 0.3 12.2 0.4 16.3 
(6.1 m) 
Vertical intervals — two 
lines of sprinklers under 
barriers — maximum 
horizontal spacing 10 ft 
(3.1 m), staggered 
Vertical 15 ft (4.6 m) Vertical 20 ft | 16.3.4.1.1.1(h) Yes 0.35 14.3 0.45 18.3 
Horizontal 10 ft (3.1 m) (6.1 m) 
Horizontal 
10 ft (3.1 m) 
Vertical 20 ft (6.1 m) Vertical 20 ft | 16.3.4.1.1.1(i) No 0.35 14.3 0.45 18.3 
Horizontal 5 ft (1.5 m) (6.1 m) 
Horizontal Higher than 
I, II, Ill, IV 5 ft (1.5 m) 25 ft (7.6 m) 2000 186 
Horizontal barriers at 15 ft 16.3.4.1.1.1(j) Yes 0.35 14.3 0.45 18.3 
(4.6 m) 
Vertical intervals — two 
lines of sprinklers under 
barriers — maximum 
horizontal spacing 10 ft 
(3.1 m), staggered 


“Minimum in-rack sprinkler discharge, 30 gpm (114 L/min). 

>Water shields required. 

“All in-rack sprinkler spacing dimensions start from the floor. 

“Install sprinklers at least 3 in. (76.2 mm) from uprights. 

“Face sprinklers shall not be required for a Class I commodity consisting of noncombustible products on 
wood pallets (without combustible containers), except for arrays shown in Figure 16.3.4.1.1.1(g) and 
Figure 16.3.4.1.1.1(j). 

‘In Figure 16.3.4.1.1.1(a) through Figure 16.3.4.1.1.1(j), each square represents a storage cube that mea- 
sures 4 ft to 5 ft (1.2 m to 1.5 m) on a side. Actual load heights can vary from approximately 18 in. to 10 ft 
(0.46 m to 3.1 m). Therefore, there can be one load to six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.1 m) apart vertically. 

8For encapsulated commodity, increase density 25 percent. 

"Clearance is distance between top of storage and ceiling. 

‘See A.16.1.9 for protection recommendations where clearance is greater than 10 ft (3.1 m). 
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Table 16.3.1.2 Multiple-Row Racks of Class I Through Class IV Commodities Stored 


Over 25 ft (7.6 m) in Height 


Maximum Ceiling Sprinklers Density Clearance 
In-Rack Sprinklers*?* Spacing Up To 10 ft 
from Top of 
Maximum | Maximum Storage to Ceiling 
Maximum | Horizontal | Horizontal Highest Sprinkler 
Vertical Spacing in Spacing In-Rack Operating 165° 286° 
Spacing A Flue across Flue | Height Sprinklers Area Rating Rating 
Commodity Limit 
Class Encapsulated | ft m ft m ft Stagger Figure ft m fe mm/min 
I No 16.3.4.1.3.1(a) | 10 14.3 


6.1 


I, II, and III 


1 II, HT, 
and IV 


For SI units, °C = % (°F-32); 1 gpm/ft” = 40.746 mm/min. 
“AII four rack faces shall be protected by sprinklers located within the racks and no more than 18 in. (0.46 m) 
from the faces, as indicated in Figure 16.3.4.1.3.1(a) through Figure 16.3.4.1.3.1(c). It shall not be required for 


each sprinkler level to protect all faces. 


Pall in-rack sprinkler spacing dimensions start from the floor. 


Betwee 
None 
flues 


adjacent 


n | 16.3.4.1.3.1(b) 


2000 


16.3.4.1.3.1(c) 


“In Figure 16.3.4.1.3.1(a) through Figure 16.3.4.1.3.1(c), each square represents a storage cube measuring 4 ft to 5 ft 
(1.2 m to 1.5 m) on a side. Actual load heights can vary from approximately 18 in. to 10 ft (0.46 m to 3.1 m). Therefore, 
there could be as few as one load or as many as six or seven loads between in-rack sprinklers that are spaced 10 ft (3.1 m) apart vertically. 


Table 16.3.1.3 Hose Stream Allowance and Water Supply Duration Requirements for 
Rack Storage of Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height 


Total Combined Inside and 
Storage Height Inside Hose Outside Hose 
Commodity Duration 
Classification ft m gpm L/min gpm L/min (minutes) 
Class I, II, and III >25 >7.6 0, 50, or 100 0, 190, or 380 500 1900 90 
Class IV >25 >7.6 0, 50, or 100 0, 190, or 380 500 1900 120 


16.3.2.6 Preaction Systems. For the purpose of using Table 
16.3.2.1, preaction systems shall be classified as dry pipe 


systems. 


16.3.2.7 Building steel shall not reguire special protection 
where Table 16.3.2.1 are applied as appropriate for the stor- 


age configuration. 


w 2010 Edition 


16.3.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Class I Through Class IV Commodities 
Stored Over 25 ft (7.6 m) in Height. 


16.3.3.1 Protection of single-, double-, and multiple-row rack 
storage of Class I through Class IV shall be in accordance with 


Table 16.3.3.1. 
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Table 16.3.2.1 CMSA Sprinkler Design Criteria for Rack Storage of Class I 
Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height 
Maximum Maximum 
Storage Ceiling/Roof 7 Water 
. Height Height Number of Minimum Supply 
Storage Commodity K-Factor/ | Type of Design Operating | Hose Stream | Duration 
Arrangement Class ft m ft m (Orientation| System | Sprinklers | Pressure Allowance (hours) 
20 + 1 Level 25 psi 500 gpm 
11.2 Wet of in-rack (1.7 bar) (1900 L/min) 2 
(160) 
Upright 30 + 1 Level 25 psi 
Dry of in-rack (1.7 bar) 2 
20 + 1 Level 15 psi 
30 9.1 35 10.6 16.8 Wet of in-rack | (1.0 bar) 2 
(240) 
Upright 30 + 1 Level 15 psi 
Dry of in-rack (1.0 bar) 2 
19.6 
Class I or II (280) 25 psi 
Single-, double-, Pendent Wet 15 (1.7 bar) 1% 
and 
multiple-row 11.2 
racks without (160) 55 psi 
solid shelves Upright Dry* 36 (3.8 bar) 2 
no open-to 
ore bala 16 3 
35 10.6 40 121 (240) 22 psi 
Upright Dry" 36 (1.5 bar) 2 
19.6 
(280) 30 psi 
Pendent Wet 15 (2.1 bar) 1% 
19.6 
(280) 25 psi 
Class TIL or 30 9.1 35 10.6 | Pendent Wet 15 (1.7 bar) 1% 
Iv 19.6 
(280) 30 psi 
35 10.6 40 121 | Pendent Wet 15 (2.1 bar) 1% 


*High temperature rated sprinklers shall be used. Dry system water delivery shall be 
determined in accordance with 7.2.3.4 with a maximum time of water delivery of 
30 seconds with four sprinklers initially open. 
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Table 16.3.3.1 ESFR Sprinkler Protection of Rack Storage Without Solid Shelves of 
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height 


Maximum 
Maximum Ceiling/ Minimum 
Storage Roof Operating Hose Stream Water 
Height Height Pressure In-Rack Allowance Supply 
Storage Nominal Sprinkler Duration 
Arrangement Commodity ft m ft m | K-Factor Orientation psi bar Requirements | gpm | L/min | (hours) 
14.0 Upright/Pendent 75 5.2 No 
(200) 
16.8 Upright/ 52 3.6 No 
(240) Pendent 
35 |10.7 
22.4 Pendent 35 2.4 No 
(320) 
25.2 Pendent 20 1.4 No 
(360) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
30 9.1 40 |12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 | 13.7 
22.4 Pendent 40 2.8 No 
(320) 
Single-row, 25.2 Pendent 40 2.8 No 
double-row, and | Class I, II, III, or (360) 
multiple-row rack | IV, encapsulated 250 946 1 
(no open-top or unencapsulated 14.0 Pendent 75 5.2 No 
containers) (200) 
16.8 Pendent 52 3.6 No 
(240) 
40 | 12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 
35 10.7 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 | 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
40 12.2 | 45 | 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 
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16.3.3.2 ESFR protection as defined shall not apply to the 
following: 


(1) Rack storage involving solid shelves 
(2) Rack storage involving combustible, open-top cartons or 
containers 


16.3.3.3 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 16.3.3.1 for type of storage, commodity, storage 
height, and building height involved. 


16.3.3.4 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. 


16.3.3.5 Where required by Table 16.3.3.1, one level of K-8.0 
(115) quick-response, ordinary-temperature in-rack sprinklers 
shall be installed at the tier level closest to but not exceeding 
16 of the maximum storage height. In-rack sprinkler hydraulic 
design criteria shall be the most hydraulically remote eight 
sprinklers at 50 psi (3.4 bar). In-rack sprinklers shall be lo- 
cated at the intersection of the longitudinal and transverse 
flue space. Horizontal spacing shall not be permitted to ex- 
ceed 5 ft (1.5 m) intervals. 


16.3.3.6 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 


16.3.4 In-Rack Sprinklers for Rack Storage of Class I Through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 


16.3.4.1 In-Rack Sprinkler Location for Rack Storage of Class I 
Through Class IV Commodities Stored Over 25 ft (7.6 m) in 
Height. 


16.3.4.1.1* Double-Row Racks. 


16.3.4.1.1.1 In double-row racks without solid shelves and 
with a maximum of 10 ft (3.1 m) between the top of storage 
and the ceiling, in-rack sprinklers shall be installed in ac- 
cordance with Table 16.3.1.1 and Figure 16.3.4.1.1.1(a) 
through Figure 16.3.4.1.1.1(7). The highest level of in-rack 
sprinklers shall be not more than 10 ft (3.1 m) below the 
top of storage. Where a single-row rack is mixed with 


Barrier 


Barriers shown 
with background 


Plan View 


Elevation 


double-row racks, Table 16.3.1.1 and Figure 16.3.4.1.1.1 (a) 
through Figure 16.3.4.1.1.1(j) shall be used. 


16.3.4.1.1.2 Figure 16.3.4.1.2.1(a) through Figure 
16.3.4.1.2.1(c) shall be permitted to be used for the protec- 
tion of the single-row racks. 


16.3.4.1.2* Single-Row Racks. 


16.3.4.1.2.1 In single-row racks without solid shelves with 
storage height over 25 ft (7.6 m) and a maximum of 10 ft 
(3.1 m) between the top of storage and the ceiling, sprinklers 
shall be installed in accordance with Figure 16.3.4.1.2.1(a) 
through Figure 16.3.4.1.2.1(e). 


16.3.4.1.2.2 In single-row racks, where figures show in-rack 
sprinklers in transverse flue spaces centered between the rack 
faces, it shall be permitted to position these in-rack sprinklers 
in the transverse flue at any point between the load faces. 


16.3.4.1.3* In-Rack Sprinkler Location — Multiple-Row Racks 
for Rack Storage of Class I Through Class IV Commodities 
Stored Over 25 ft (7.6 m) in Height. 


16.3.4.1.3.1 In multiple-row racks with a maximum of 10 ft 
(3.1 m) between the top of storage and the ceiling, protection 
shall be in accordance with Table 16.3.1.2 and in-rack sprin- 
klers shall be installed as indicated in Figure 16.3.4.1.3.1(a) 
through Figure 16.3.4.1.3.1(c). 


16.3.4.1.3.2 The highest level of in-rack sprinklers shall be 
not more than 10 ft (3.1 m) below maximum storage height 
for Class I, Class II, or Class III commodities or 5 ft (1.5 m) 
below the top of storage for Class IV commodities. 


16.3.4.2 In-Rack Sprinkler Spacing for Rack Storage of Class I 
Through Class IV Commodities Stored Over 25 ft (7.6 m) in 
Height. 


16.3.4.2.1 In-Rack Sprinkler Spacing. In-rack sprinklers shall 
be staggered horizontally and vertically where installed in ac- 
cordance with Table 16.3.1.1, Figure 16.3.4.1.1.1(a) through 
Figure 16.3.4.1.1.1(j), and Figure 16.3.4.1.2.1(a) through Fig- 
ure 16.3.4.1.2.1(e). 


16.3.4.2.2 In-rack sprinklers for storage higher than 25 ft 
(7.6 m) in double-row racks shall be spaced horizontally 
and located in the horizontal space nearest the vertical in- 
tervals specified in Table 16.3.1.1 and Figure 16.3.4.1.1.1(a) 
through Figure 16.3.4.1.1.1G). 


Notes: 

1. Symbol x indicates in-rack sprinklers. 

2. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 16.3.4.1.1.1(a) In-Rack Sprinkler Arrangement, Class I Commodities, 


Storage Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m). 
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H 
E 
o BR 
E GEL 
T [>| [>| [>| F Notes: 
H c 1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
H be required where loads labeled A or B represent top of storage. 
H S 2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
H 2 ê p or D represent top of storage. 
H 4 L [| L] 3. Sprinklers labeled 1 and 3 shall be required where loads labeled 
H k A 4 E or F represent top of storage. 
H e [| |) [| 4. For storage higher than represented by loads labeled F, the cycle 
H 1 x xi x x defined by Notes 2 and 3 is repeated, with stagger as indicated. 
H C] C] C] [| 5. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 
H a a 6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
H |] A [| Fal A to 1.53 m) on a side. Actual load heights can vary from approximately 
E l 5 l N 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
H [| L |] [| L Lj one load or as many as six or seven loads between in-rack sprinklers 
H E A E A that are spaced 10 ft (3.05 m) apart vertically. 
|| 
IU UU ct LICI 
Ly 
Elevation Plan View 
FIGURE 16.3.4.1.1.1(b) In-Rack Sprinkler Arrangement, Class I Commodities, 
Storage Height Over 25 ft (7.6 m). 
el] Celta) LJ UU 
le) Llll LJ LI 1 alt 
A 7 1. Alternate location of in-rack sprinklers. Sprinklers shall be permitted 
A Ti bs to be installed above loads A and C or above loads B and D. 
[| [| [| 2. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 
x A * B f A a 3. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
| [| | [| [| to 1.53 m) on a side. Actual load heights can vary from approximately 
x SA x S x 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few 
7 beri L [| [| as one load or as many as six or seven loads between in-rack 
a 4 sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


LI 
L 
LI 


Elevation 


L1 LJ 


Plan View (A or B) 


FIGURE 16.3.4.1.1.1(c) In-Rack Sprinkler Arrangement, Class I, Class II, or 
Class III Commodities, Storage Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m). 
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Notes: 

1. Sprinklers labeled 1 shall be required where loads labeled A 

represent the top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled 

Bor C represent top of storage. 
3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled 
Dor E represent top of storage. 

4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads 

labeled F or Grepresent top of storage. 

5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads 

labeled H represent top of storage. 

6. For storage higher than represented by loads labeled H, the cycle 

defined by Notes 3, 4, and 5 is repeated with stagger as indicated. 

7. The indicated face sprinklers shall be permitted to be omitted where 
commodity consists of unwrapped or unpackaged metal parts on 
wood pallets. 

. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 

. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


HO —XD—-3UY OONT 


> 


x 


e 
A 
EEEE 


i 
H 
H 


Elevation Plan View 


FIGURE 16.3.4.1.1.1(d) In-Rack Sprinkler Arrangement, Class I, Class II, or 
Class III Commodities, Storage Height Over 25 ft (7.6 m) — Option 1. 


Notes: 
1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage. 


2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 


3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
or F represent top of storage. 
4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 
5. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 


Ox0—-AD—30H DONT 
Tm 
D 


s 6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
i to 1.53 m) on a side. Actual load heights can vary from approximately 
C] E E C] 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
Ti ETA one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


In-rack levels labeled 1 and 2 
are shown in this plan view. 


Elevation Plan View 


FIGURE 16.3.4.1.1.1(e) In-Rack Sprinkler Arrangement, Class I, Class II, 
or Class III Commodities, Storage Height Over 25 ft (7.6 m) — Option 2. 
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OA0—AD—ATH OONMTN 


mro- 
x 


Elevation Plan View 


Notes: 


= 


. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 


be required where loads labeled A or B represent top of storage. 


. Sprinklers labeled 1 and 2 shall be required where loads labeled C 


or D represent top of storage. 


. Sprinklers labeled 1 and 3 shall be required where loads labeled E 


represent top of storage. 


. Sprinklers labeled 1 and 4 shall be required where loads labeled F 


or G represent top of storage. 


. For storage higher than represented by loads labeled G, the cycle 


defined by Notes 2, 3, and 4 is repeated. 

Symbol x indicates face and in-rack sprinklers. 

Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 


that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 16.3.4.1.1.1(f) In-Rack Sprinkler Arrangement, Class I, Class II, or 
Class III Commodities, Storage Height Over 25 ft (7.6 m) — Option 3. 


Notes: 


. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage. 


a 


2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 


or D represent top of storage. 


3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 


or Frepresent top of storage. 


4. For storage higher than represented by loads labeled F, the cycle 


defined by Notes 2 and 3 is repeated. 


: 
E 
O 
E 
O 
O 
O 
H 
- 5. Symbols o, A, and x indicate sprinklers on vertical or horizontal 
H stagger. 
H 6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
H to 1.53 m) on a side. Actual load heights can vary from approximately 
E 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
- one load or as many as six or seven loads between in-rack sprinklers 
H that are spaced 10 ft (3.05 m) apart vertically. 
E 
O 
D Barriers shown with 
background 
Elevation Plan View 
FIGURE 16.3.4.1.1.1(g) In-Rack Sprinkler Arrangement, Class I, Class II, or 


Class III Commodities, Storage Height Over 25 ft (7.6 m) — Option 4. 
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Notes: 
1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 
3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled 
E or Frepresent top of storage. 
4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads 
labeled G represent top of storage. 
5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage. 
6. Sprinklers labeled 1, 2, 3, 4, and 6 (not 5) shall be required where 
loads labeled / or J represent top of storage. 
7. Sprinklers labeled 1, 2, 3, 4, 6, and 7 shall be required where loads 
labeled K represent top of storage. 
8. Sprinklers labeled 1, 2, 3, 4, 6, and 8 shall be required where loads 
labeled L represent top of storage. 
9. Sprinklers labeled 1, 2, 3, 4, 6, 8, and 9 shall be required where 
loads labeled M or N represent top of storage. 
10. For storage higher than represented by loads labeled N, the cycle 
defined by Notes 1 through 9 is repeated, with stagger as indicated. 
In the cycle, loads labeled M are equivalent to loads labeled A. 
11. Symbols o, x, and Aindicate sprinklers on vertical or horizontal 
stagger. 
12. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
x x to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few 
a a as one load or as many as six or seven loads between in-rack 
sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


HLO—KXD—-3UN CONT 


HLO—XI—-3UN CONT 


x 
mru—» 
x 


Elevation Plan View 


FIGURE 16.3.4.1.1.1(h) In-Rack Sprinkler Arrangement, Class I, Class II, 
Class III, or Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 1. 


i 
O 
i 
H 
e 
i 
5 3 x KF Notes: 
H 7 1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
E M 
E e be required where loads labeled A or B represent top of storage. 
H s 2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
H 2 p or D represent top of storage. 
E i |] C] Fi 3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
E k x x or F represent top of storage. 
H i C] (7 C] 4. For storage higher than represented by loads labeled F, the cycle 
H 1 x a x x defined by Notes 2 and 3 is repeated. 
z 5. Symbol x indicates face and in-rack sprinklers. 
H C E O C JO) 6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
H [| A LI [| C] A C] C] to 1.53 m) on a side. Actual load heights can vary from approximately 
H | 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
J x S x . Fre A 
z L L one load or as many as six or seven loads between in-rack sprinklers 
H E E that are spaced 10 ft (3.05 m) apart vertically. 
x x 
ALI LIL) ct LILI 
a 
Elevation Plan View (1 and 3) 
FIGURE 16.3.4.1.1.1(i) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, 


or Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 2. 
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Notes: 

Barrier 1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 

be required where loads labeled A or B represent top of storage. 

. Sprinklers labeled 1 and 2 and barrier labeled 1 shall be required 

where loads labeled C represent top of storage. 

3. Sprinklers and barriers labeled 1 and 3 shall be required where 
loads labeled D or E represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated. 

5. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 

6. Symbol o indicates longitudinal flue space sprinklers. 

7. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


N 


oov Tn 


0 0—7 n0 


[| Barrier 


Barriers shown with 


background 
Elevation Plan View 
FIGURE 16.3.4.1.1.1(j) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, or 


Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 3. 


Notes: 

1. For all storage heights, sprinklers shall be installed in every 
other tier and staggered as indicated. 

2. Symbol Aor x indicates sprinklers on vertical or horizontal 
stagger. 

3. Each square represents a storage cube measuring 4 ft to 
5 ft (1.22 m to 1.53 m) on a side. Actual load heights can 
vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). 
Therefore, there could be as few as one load or as many 
as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


Note: Each square represents a storage cube measuring 4 ft 
to 5 ft (1.22 m to 1.53 m) ona side. Actual load heights can 
vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). 
Therefore, there could be as few as one load or as many as 
six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 
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Elevation Plan View Elevation Plan View 

FIGURE 16.3.4.1.2.1 (a) Class I, Class II, Class III, or Class IV FIGURE 16.3.4.1.2.1(b) Class I, Class II, or Class III Com- 
Commodities, In-Rack Sprinkler Arrangement, Single-Row modities, In-Rack Sprinkler Arrangement, Single-Row Racks, 
Racks, Storage Height Over 25 ft (7.6 m) — Option 1. Storage Height Over 25 ft (7.6 m) — Option 1. 
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Barrier Note: Each square represents a storage cube 


measuring 4 ft to 5 ft (1.22 m to 1.53 m) ona side. 
Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be 
as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft 

(3.05 m) apart vertically. 


Barrier 


Ul 
ai 


Barriers N 


DA DN: DO 


background 
Elevation Plan View 
FIGURE 16.3.4.1.2.1(c) Class I, Class II, or Class III Com- 


modities, In-Rack Sprinkler Arrangement, Single-Row Racks, 
Storage Height Over 25 ft (7.6 m) — Option 2. 


Note: Each sguare represents a storage cube measuring 

4 ft to 5 ft (1.22 m to 1.53 m) on a side. Actual load heights 
can vary from approximately 18 in. (0.46 m) up to 10 ft 
(3.05 m). Therefore, there could be as few as one load 

or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


LIL IL A LUOL 


HO 


Elevation Plan View 


FIGURE 16.3.4.1.2.1(d) Class I, Class II, Class III, or Class IV 
Commodities, In-Rack Sprinkler Arrangement, Single-Row 
Racks, Storage Height Over 25 ft (7.6 m) — Option 2. 


Barrier Note: Each sguare represents a storage cube 
measuring 4 ft to 5 ft (1.22 m to 1.53 m) ona side. 
Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be 
as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft 

Barrier (3.05 m) apart vertically. 


Barrier 


Barrier 


LIL JL t 


DAN AG: DK DG DI 


Barriers DN 
background 
Elevation Plan View 
FIGURE 16.3.4.1.2.1(e) Class I, Class II, Class III, or Class IV 


Commodities, In-Rack Sprinkler Arrangement, Single-Row 
Racks, Storage Height Over 25 ft (7.6 m) — Option 3. 


16.3.4.2.3 In-Rack Sprinkler Spacing. Maximum horizontal 
spacing of sprinklers in multiple-row racks with storage 
higher than 25 ft (7.6 m) shall be in accordance with Fig- 
ure 16.3.4.1.3.1(a) through Figure 16.3.4.1.3.1(c). 


16.3.4.2.4* In-rack sprinklers shall be located at an intersec- 
tion of transverse and longitudinal flues while not exceeding 
the maximum spacing rules. 


16.3.4.2.4.1 Where distances between transverse flues exceed 
the maximum allowable distances, sprinklers shall be installed 
at the intersection of the transverse and longitudinal flues, 
and additional sprinklers shall be installed between transverse 
flues to meet the maximum distance rules. 


16.3.4.2.4.2 Where no transverse flues exist, in-rack sprin- 
klers shall not exceed the maximum spacing rules. 


16.3.4.3 In-Rack Sprinkler Water Demand for Rack Storage of 
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) 
in Height. The water demand for sprinklers installed in racks 
shall be based on simultaneous operation of the most hydrau- 
lically remote sprinklers as follows: 


(1) Six sprinklers where only one level is installed in racks 
with Class I, Class II, or Class III commodities 

(2) Eight sprinklers where only one level is installed in racks 
with Class IV commodities 

(3) Ten sprinklers (five on each two top levels) where more 
than one level is installed in racks with Class I, Class II, or 
Class III commodities 

(4) Fourteen sprinklers (seven on each two top levels) where 
more than one level is installed in racks with Class IV com- 


modities 
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Loading aisle 
gA 
Maximum 12 ft 
(3.66 m) 
between sprinklers 


Loading aisle 
Plan View 


Maximum 
10 ft (3.05 m) 
between sprinklers 
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Maximum 10 ft (3.05 m) 
between sprinklers 
and top of storage 
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Maximum 20 ft 
(6.10 m) between 
[3 sprinklers and floor 
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Loading Aisle Elevation 


Notes: 

. Sprinklers labeled 1 shall be required if loads labeled A represent top 

of storage. 

2. Sprinklers labeled 1 and 2 shall be required if loads labeled B or C 
represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required if loads labeled D or E 
represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 

5. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


= 


FIGURE 16.3.4.1.3.1(a) In-Rack Sprinkler Arrangement — Multiple-Row Racks, 


Class I Commodities, Storage Height Over 25 ft (7.6 m). 


16.3.4.3.1 In-Rack Sprinkler Discharge for Rack Storage of 
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) 
in Height. Sprinklers in racks shall discharge at a rate not less 
than 30 gpm (113.6 L/min) for all classes of commodities. 


16.3.5 Special Design for Rack Storage of Class I Through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 
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16.3.5.1 Where high-expansion foam systems are used for stor- 
age over 25 ft (7.6 m) high up to and including 35 ft (10.7 m) 
high, they shall be used in combination with ceiling sprinklers. 
The maximum submergence time for the high-expansion foam 
shall be 5 minutes for Class I, Class II, or Class III commodities 
and 4 minutes for Class IV commodities. 
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PROTECTION OF CLASS I THROUGH CLASS IV COMMODITIES THAT ARE STORED ON RACKS 13-171 


Loading aisle 
ja | A A A 
a x x x 
A A A 
Maximum 10 ft 
x x x (3.05 m) 
N between sprinklers 
A A A 
| | x x x 
Loading aisle 
Plan View Notes: 
: 1. Sprinklers labeled 1 and 2 shall be required if loads labeled A 
Maximum represent top of storage. 
Ls ba ft (3.05 m) kl 2. Sprinklers labeled 1 and 3 shall be required if loads labeled B or C 
etween sprinklers represent top of storage. 
i 
Cc c . K 3. For storage higher than represented by loads labeled C, the cycle 
Lel L L LJ LJ Lel L Aee Mit 1O ft 19:05 m) defined by Notes 2 and 3 is repeated, with stagger as indicated. 
ween sprinklers is 1 : : 
[5] [] [] [ [ [2] [3 and top of storage 4. Symbol Aor x indicates sprinklers on vertical or horizontal stagger. 
AS A A A 3 y 5. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
Face al C] C] C] C] [a] B to 1.53 m) on a side. Actual load heights can vary from approximately 
sprinklers [4] A 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
aa A A A 2 one load or as many as six or seven loads between in-rack sprinklers 
[ [ [ [] [] [| [3 that are spaced 10 ft (3.05 m) apart vertically. 
googgogp 
Maximum 15 ft 
[ [ [ le [ [ [3 (4.57 m) between 
sprinklers and floor 
Loading Aisle Elevation 
FIGURE 16.3.4.1.3.1(b) In-Rack Sprinkler Arrangement — Multiple-Row 
Racks, Class I, Class II, or Class III Commodities, Storage Height Over 
25 ft (7.6 m). 
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Loading aisle 


A A A 
x x X 
A A A 
— Maximum 
x x x 10 ft (3.05 m) 
~] between sprinklers 
A A A 
x x X 


Loading aisle 
Plan View 


Maximum 
10 ft (3.05 m) 
between sprinklers 


PIOOOOGIG, 

HOOOORG: 3 Maximum 5 ft (1.52 m) 
NOOOOCOB Ea 

ee JOOOOUOG: 
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Loading Aisle Elevation 


Notes: 

1. Sprinklers labeled 1, 2, and 3 shall be required if loads labeled A 
represent top of storage. 

2. Sprinklers labeled 1, 2, and 4 shall be required if loads labeled B 
represent top of storage. 

3. For storage higher than represented by loads labeled B, the cycle 
defined by Notes 1 and 2 is repeated, with stagger as indicated. 

4. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

5. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 16.3.4.1.3.1(c) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, 
or Class IV Commodities — Multiple-Row Racks, Storage Height Over 25 ft (7.6 m). 


Chapter 17 Protection of Plastic and Rubber 
Commodities That Are Stored on Racks 


17.1 General. 


17.1.1 This chapter shall apply to storage of plastic and rubber 
commodities stored in racks. The requirements of Chapter 12 
shall apply unless modified by this chapter. (See Section C. 9.) 


17.1.2 Sprinkler Protection Criteria. 


17.1.2.1 Plastic commodities shall be protected in accor- 
dance with Figure 17.1.2.1. (See Section C.21) 


17.1.2.1.1 This decision tree also shall be used to determine 
protection for commodities that are not entirely Group A plas- 
tics but contain such quantities and arrangements of Group A 
plastics that they are deemed more hazardous than Class IV 
commodities. 


17.1.2.1.2 The design criteria of 17.2.1 for single- and 
double-row rack storage of plastic commodities shall be appli- 
cable where aisles are 3.5 ft (1.07 m) or greater in width. 


17.1.2.1.3 Storage with aisles less than 3.5 ft (1.07 m) shall be 
protected as multiple-row rack storage. 


17.1.2.2 Group B plastics and free-flowing Group A plastics 
shall be protected the same as Class IV commodities. 


17.1.2.3 Group C plastics shall be protected the same as Class III 
commodities. 


17.1.2.4 Sprinkler protection criteria for the storage of ma- 
terials on racks shall be in accordance with Section 17.2 for 


an 2010 Edition 


storage up to 25 ft (7.6 m) and Section 17.3 for storage over 
25 ft (7.6 m). 


17.1.2.5* Protection criteria for Group A plastics shall be per- 
mitted for the protection of the same storage height and con- 
figuration of Class I, II, INI, and IV commodities. 


17.1.3 Movable Racks. Rack storage in movable racks shall be 
protected in the same manner as multiple-row racks. 


17.1.4 Fire Protection of Steel Columns — Columns Within 
Storage Racks. See Section C.10. 


17.1.4.1 Where fireproofing of building columns is not pro- 
vided and storage heights are in excess of 15 ft (4.6 m), pro- 
tection of building columns within the rack structure or verti- 
cal rack members supporting the building shall be protected 
in accordance with one of the following: 


(1) Sidewall sprinklers at the 15 ft (4.6 m) elevation, pointed 
toward one side of the steel column 

(2) Provision of ceiling sprinkler density for a minimum of 
2000 ft? (186 m?) with ordinary 165°F (74°C) or high- 
temperature 286°F (141°C) rated sprinklers as shown in 
Table 17.1.4.1 for storage heights above 15 ft (4.6 m), up 
to and including 20 ft (6.1 m) 

(3) Provision of CMSA or ESFR ceiling sprinkler protection 


17.1.4.1.1 This protection shall not be required where stor- 
age in fixed racks is protected by in-rack sprinklers. 


17.1.4.2 The flow from a column sprinkler(s) shall be permit- 
ted to be omitted from the sprinkler system hydraulic calcula- 
tions. 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-173 


Plastics Note: Cartons that contain Group A plastic material can be treated as 
Class IV commodities under the following conditions: 
| | (1) There shall be multiple layers of corrugation or equivalent outer 
material that would significantly delay fire involvement of the 
Group A Group B lea Group A plastic. 


| Class IV 


Cartoned, expanded or Exposed, expanded 
unexpanded, and (outside the scope 
exposed, unexpanded of Chapter 17) 


-—_——_ 


Stable Free-flowing 
(see Chapter 17) Class IV 


FIGURE 17.1.2.1 Decision Tree. 


Table 17.1.4.1 Ceiling Sprinkler Densities for Protection of 
Steel Building Columns 


Aisle Width 
4 ft (1.2 m) 8 ft (2.4 m) 
Commodity 
Classification | gpm/ ft? (L/min) /m? gpm/ ft? | (L/min) /m? 
Plastics 0.68 27.7 0.57 23.2 


17.1.5 Solid Shelf Rack. 


17.1.5.1 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 20 ft” (1.86 m”) but does not ex- 
ceed 64 ft? (5.95 m?) in area, sprinklers shall not be required 
below every shelf, but shall be installed at the ceiling and be- 
low shelves at intermediate levels not more than 6 ft (2 m) 
apart vertically. (See Section C.11.) 


17.152 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 64 ft? (5.95 m°) in area or where 
the levels of storage exceed 6 ft (2 m), sprinklers shall be in- 
stalled at the ceiling and below each level of shelving. 


17.1.5.3 In-rack sprinklers shall be horizontally spaced in ac- 
cordance with 17.2.4 and 17.3.4. 


17.1.5.4 Design criteria for combined ceiling and in-rack 
sprinklers shall be used for the storage configurations in 
17.1.5.1 and 17.1.5.2. 


17.1.6 Open-Top Combustible Containers. See Section C.12. 
17.1.7 In-Rack Sprinklers. 


17.171 The number of sprinklers and the pipe sizing on a 
line of sprinklers in racks shall be restricted only by hydraulic 
calculations and not by any piping schedule. 


17.1.7.2 When in-rack sprinklers are necessary to protect a 
higher hazard commodity that occupies only a portion of the 
length of a rack, in-rack sprinklers shall be extended a mini- 
mum of 8 ft (2.44 m) or one bay, whichever is greater, in each 
direction along the rack on either side of the higher hazard. 


17.1.7.2.1 The in-rack sprinklers protecting the higher haz- 
ard shall not be required to be extended across the aisle. 


17.1.7.3 Where a storage rack, due to its length, requires less 
than the number of in-rack sprinklers specified, only those 


(2) The amount and arrangement of Group A plastic material within an 


ordinary carton would not be expected to significantly increase 
the fire hazard. 


in-rack sprinklers in a single rack need to be included in the 
calculation. 


17.1.7.4* In-rack sprinklers shall be located at an intersection 
of transverse and longitudinal flues while not exceeding the 
maximum spacing rules. 


17.1.7.4.1 Where distances between transverse flues exceed 
the maximum allowable distances, sprinklers shall be installed 
at the intersection of the transverse and longitudinal flues, 
and additional sprinklers shall be installed between transverse 
flues to meet the maximum distance rules. 


17.1.7.4.2 Where no transverse flues exist, in-rack sprinklers 
shall not exceed the maximum spacing rules. 


17.1.8* Horizontal Barriers and In-Rack Sprinklers. 


17.1.8.1 Horizontal barriers used in conjunction with in-rack 
sprinklers to impede vertical fire development shall be con- 
structed of sheet metal, wood, or similar material and shall 
extend the full length and depth of the rack. 


17.1.8.2 Barriers shall be fitted within 2 in. (51 mm) horizon- 
tally around rack uprights. 


17.1.9 Flue Space Requirements for Storage Up to and Includ- 
ing 25 ft (7.6 m). See Section C.13. 


17.1.9.1 In double-row and multiple-row racks without solid 
shelves, a longitudinal (back-to-back clearance between loads) 
flue space shall not be required. 


17.1.9.2 Nominal 6 in. (152.4 mm) transverse flue spaces be- 
tween loads and at rack uprights shall be maintained in single- 
row, double-row, and multiple-row racks. 


17.1.9.3 Random variations in the width of flue spaces or in 
their vertical alignment shall be permitted. 


17.1.10 Flue Space Requirements for Storage Over 25 ft 
(7.6 m). 


17.1.10.1 Nominal 6 in. (152.4 mm) longitudinal flue spaces 
shall be provided in double-row racks. 


17.1.10.1.1 Nominal 6 in. (152.4 mm) transverse flue spaces 
between loads and at rack uprights shall be maintained in 
single-row, double-row, and multiple-row racks. 


17.1.10.1.2 Random variations in the width of the flue spaces 
or in their vertical alignment shall be permitted. 
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17.1.10.2 In single-row, double-row, or multiple-row racks, a 
minimum 6 in. (152.4 mm) vertical clear space shall be main- 
tained between the in-rack sprinkler deflectors and the top of 
a tier of storage. 


17.1.10.2.1 Face sprinklers in such racks shall be located within 
the rack a minimum of 3 in. (76 mm) from rack uprights and no 
more than 18 in. (460 mm) from the aisle face of storage. 


17.1.10.2.2 Longitudinal flue in-rack sprinklers shall be lo- 
cated at the intersection with the transverse flue space and 
with the deflector located at or below the bottom of horizontal 
load beams or above or below other adjacent horizontal rack 
members. 


17.1.10.2.3 Such in-rack sprinklers shall be a minimum of 
3 in. (76 mm) radially from the side of the rack uprights. 


17.2 Protection Criteria for Rack Storage of Plastics Com- 
modities Stored Up to and Including 25 ft (7.6 m) in Height. 


17.2.1 Control Mode Density/Area Sprinkler Protection Cri- 
teria for Single-, Double-, and Multiple-Row Racks for Plastics 
Commodities Stored Up to and Including 25 ft (7.6 m) in 
Height, with Clearances Up to and Including 10 ft (3.1 m). 


Single-, double-, and multiple-row racks 
0.30 gpm/ft? per 2000 ft? 
(12.2 mm/min per 186 m?) 


17.2.1.1* Storage 5 ft (1.5 m) or Less in Height. 


17.2.1.1.1 For the storage of Group A plastics stored 5 ft (1.5 m) 
or less in height, the sprinkler design criteria for miscellaneous 
storage specified in Chapter 13 shall be used. 


17.2.1.1.2 The protection criteria in Chapter 13 shall be ac- 
ceptable for storage of Group A plastic commodities up to and 
including 5 ft (1.5 m) in height. (See Table 13.2.1 for specific 
Group A plastic storage height protection criteria. ) 


17.2.1.2 Ceiling Sprinkler Water Demand. See Section C.22. 


17.2.1.2.1 For Group A plastic commodities in cartons, encap- 
sulated or nonencapsulated in single-, double-, and multiple-row 
racks, ceiling sprinkler water demand in terms of density [gpm/ 
ft? (mm/min) | and area of operation (ft? (m”)| shall be selected 
from Figure 17.2.1.2.1(a) through Figure 17.2.1.2.1(f). 


17.2.1.2.2 Linear interpolation of design densities and areas 
of application shall be permitted between storage heights with 
the same clearances. 


17.2.1.2.3 No interpolation between clearances shall be 
permitted. 


Single-, double-, and multiple-row racks 
0.45 gpm/ft? per 2000 ft? 
(18.3 mm/min per 186 m?) 


<5 ft (1.5 m) clearance to ceiling 
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5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 
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TEE, 
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Elevation View 


Note: Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load heights can vary 
from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or 
seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.2.1.2.1(a) 5 ft to 10 ft (1.5 m to 3 m) Storage; Up to 10 ft (3 m) 


Clearance to Ceiling. 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-175 
Single-, double-, and multiple- row racks Single-, double-, and multiple- row racks 
0.60 gpm/ft2 per 2000 ft? 0.30 gpm/ft? per 2000 ft? 
(24.5 mm/min per 186 m?) (12.2 mm/min per 186 m?) 
Up to 10 ft (Up to 3.1 m) Up to 10 ft (Up to 3.1 m) 
clearance to ceiling clearance to ceiling 
See Note 2 See Note 1 


8 ft (2.44 m) maximum Baar sprinklers 
| v v v- v | 
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Notes: 


1. Single level of in-rack sprinklers [1⁄2 in. or 1⁄2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the 
transverse flue spaces. 


2. Where sprinklers listed for storage use are installed at the ceiling only and the ceiling height in the protected area does not exceed 22 ft (6.7 m) 
and a minimum clearance of 5 ft (1.53 m) and the storage height does not exceed 15 ft (4.6 m), the ceiling sprinkler discharge criteria shall 
be permitted to be reduced to 0.45 gpm/ft2 per 2000 ft? (18.3 mm/min per 186 m2). 


3. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.2.1.2.1(b) 15 ft (4.6 m) Storage; Up to 10 ft (3.1 m) Clearance to Ceiling. 


2010 Edition il 


Posted by Public.Resource.Org. Not affiliated with NFPA 


13-176 


INSTALLATION OF SPRINKLER SYSTEMS 


Single- and double-row racks 
0.60 gpm/ft? per 2000 ft? 
(24.5 mm/min per 186 m?) 


Single-, double-, and multiple-row racks 
0.45 gpm/ft2 per 2000 ft? 
(18.3 mm/min per 186 mê) 


<5 ft (1.5 m) clearance to ceiling 
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<5 ft (1.5 m) clearance to ceiling 
See Notes 1 and 2 


8 ft (2.44 m) maximum between sprinklers 
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Single-, double-, and multiple- row racks 
0.30 gpm/ft? per 2000 ft? 
(12.2 mm/min per 186 mê) 


<5 ft (1.5 m) clearance to ceiling 
See Notes 2 and 3 


8 ft (2.44 m) maximum between sprinklers 
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Elevation View 


Notes: 


flue spaces. 
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Elevation View 
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Elevation View 


1. Single level of in-rack sprinklers [¥ in. or "742 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the transverse 


2. Ceiling-only protection is not permitted for this storage configuration except where K-11.2 or larger spray sprinklers listed for storage use are installed. 
In-rack sprinklers are not required, provided the ceiling sprinkler discharge criterion is increased to 0.6 gpm/ft? (24 mm/min) over 2000 ft? (186 m?). 

3. Single level of in-rack sprinklers [1⁄2 in. (13.5 mm) operating at 15 psi (1.03 bar) minimum or "2 in. (12.7 mm) operating at 30 psi (2.07 bar) minimum] 
installed on 4 ft to 5 ft (1.25 m to 1.56 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse flue space. 

4. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) ona side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.2.1.2.1(c) 20 ft (6.1 m) Storage; <5 ft (1.5 m) Clearance to Ceiling. 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-177 


Single-, double-, and multiple-row racks Single-, double-, and multiple-row racks 


0.45 gpm/ft? per 2000 ft? 0.30 gpm/ft? per 2000 ft2 
(18.3 mm/min per 186 m?) (12.2 mm/min per 186 m?) 
5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 
See Notes 1, 2, and 5 See Notes 2, 3, and Ss 
8 ft (2.44 m) maximum between sprinklers ft (2.44 m) maximum between sprinklers 
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Elevation View Elevation View 
Single-, double-, and multiple-row racks Single-, double-, and multiple-row racks 
0.30 gpm/ft? per 2000 ft? 0.30 gpm/ft? per 2000 ft? 
(12.2 mm/min per 186 m?) (12.2 mm/min per 186 m?) 
5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 
See Notes 2, 3, and 5 See Notes 2, 4, and 5 
8 ft (2.44 m) maximum between sprinklers 8 ft (2.44 m) maximum between sprinklers 
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1. Single level of in-rack sprinklers (V2 in. or 1⁄2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the 
transverse flue spaces. 

2. Ceiling-only protection shall not be permitted for this storage configuration except where K-11.2 or larger orifice spray sprinklers listed for storage 
use are installed. In-rack sprinklers shall not be required, provided the ceiling sprinkler discharge criterion is increased to 0.6 gpm/ft? (24 mm/min) 
over 2000 ft? (186 m?) and the ceiling height in the protected area does not exceed 27 ft (8.2 m). 

3. Two levels of in-rack sprinklers (V2 in. or "742 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated and staggered 
in the transverse flue space. 

4. Single level of in-rack sprinklers (1742 in. (13.5 mm) operating at 15 psi (1.03 bar) or 1⁄2 in. (12.7 mm) operating at 30 psi (2.07 bar) minimum] 
installed on 4 ft to 5 ft (1.22 m to 1.52 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse flue space. 

5. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 
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Elevation View Elevation View 


FIGURE 17.2.1.2.1(d) 20 ft (6.1 m) Storage; 5 ft to 10 ft (1.5 m to 3.1 m) Clearance to Ceiling. 
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13-178 INSTALLATION OF SPRINKLER SYSTEMS 
Single-, double-, and multiple-row racks Single-, double-, and multiple-row racks 
0.45 gpm/ft? per 2000 ft? 0.30 gpm/ft2 per 2000 ft? 
(18.3 mm/min per 186 m?) (12.2 mm/min per 186 m?) 
<5 ft (1.5 m) clearance to ceiling <5 ft (1.5 m) clearance to ceiling 
See Notes 1, 2, and 4 See Notes 2, 3, and 4 
8 ft (2.44 m) maximum between sprinklers 8 ft (2.44 m) maximum between sprinklers 
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Notes: 


1. Single level of in-rack sprinklers [1⁄2 in. (13.5 mm) operating at 15 psi (1.03 bar) minimum or 1⁄2 in. (12.7 mm) operating at 30 psi (2.07 bar) 
minimum] installed on 4 ft to 5 ft (1.22 m to 1.52 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every 
transverse flue space. 


2. Ceiling-only protection shall not be permitted for this storage configuration except where K-16.8 spray sprinklers listed for storage use are 
installed. In-rack sprinklers shall not be required, provided the ceiling sprinkler discharge criterion is increased to 0.8 gpm/ft2 (32.6 mm/min) 
over 2000 ft? (186 m2) for wet systems and 4500 ft? (418 m2) for dry systems and the ceiling height in the protected area does not exceed 
30 ft (9.1 m). 


3. Two levels of in-rack sprinklers (V2 in. or "7/42 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated and 
staggered in the transverse flue space. 
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4. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.2.1.2.1(e) 25 ft (7.6 m) Storage; <5 ft (1.5 m) Clearance to Ceiling. (See Note 2.) 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-179 


17.2.1.3* Water Supply. See Section C.8. 17.2.1.4 For storage of Group A plastics between 5 ft and 12 ft 
(1.5 m and 3.7 m) in height, the installation requirements for 


17.2.1.3.1 The minimum water supply requirements for a hy- extra hazard systems shall apply. 


draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream allow- 17.2.2 CMSA Sprinklers for Rack Storage of Plastics Com- 
ance from Table 17.2.1.3.1 to the water supply for sprinklers modities Stored Up to and Including 25 ft (7.6 m) in Height. 


determined m iral 17.2.2.1 Protection of single-, double-, and multiple-row rack 


17.2.1.3.2 This supply shall be available for the minimum storage without solid shelves for unexpanded plastic com- 
duration specified in Table 17.2.1.3.1. modities shall be in accordance with Table 17.2.2.1. 


Single-, double-, and multiple-row racks 
0.30 gpm/ft? per 2000 ft? 
(12.2 mm/min per 186 m2) 


5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling 
See Notes 1, 2, and3 


8 ft (2.44 m) maximum between sprinklers 


Notes: 


1. Two levels of in-rack sprinklers (V2 in. or 1⁄2 in. (12.7 mm or 13.5 mm) 
operating at 15 psi (1.03 bar) minimum] installed on 8 ft to 10 ft (2.4 m 
to 3.1 m) spacings located as indicated and staggered in the 
transverse flue space. 


2. Ceiling-only protection shall not be permitted for this storage 
configuration except where K-16.8 spray sprinklers listed for storage 
use are installed. In-rack sprinklers shall not be required, provided 
the ceiling sprinkler discharge criterion is increased to 0.8 gpm/ft? 
(32.6 mm/min) over 2000 ft? (186 m2) for wet systems and 4500 ft? 


— 
LI. Ll (418 m2?) for dry systems and the ceiling height in the protected area 


Ke) 


goooo 
namun 
HE 
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does not exceed 30 ft (9.1 m). 

Plan View , 

3. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.52 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 
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Elevation View 


FIGURE 17.2.1.2.1(f) 25 ft (7.6 m) Storage; 5 ft to 10 ft (1.5 m to 3.1 m) 
Clearance to Ceiling. (See Note 2.) 


Table 17.2.1.3.1 Hose Stream Allowance and Water Supply Duration Requirements for Rack Storage of Plastics Commodities 
Stored Up to and Including 25 ft (7.6 m) in Height 


Total Combined Inside 
Storage Height Inside Hose and Outside Hose 
Commodity Duration 
Classification ft m gpm L/min gpm L/min (minutes) 
Plastic >5 up to 20 >1.5 up to 6.1 0, 50, or 100 0, 190, or 380 500 1900 120 
>20 up to 25 >6.1 up to 7.6 0, 50, or 100 0, 190, or 380 500 1900 150 
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13-180 INSTALLATION OF SPRINKLER SYSTEMS 


Table 17.2.2.1 CMSA Sprinkler Design Criteria for Single-, Double-, and Multiple-Row 
Racks Without Solid Shelves of Plastics Commodities Stored Up and Including 25 ft (7.6 m) in Height 
Maximum 
Maximum Ceiling/Roof 
Storage Height Height Number of Minimum Water Supply 
Commodity K-Factor/ Type of Design Operating Hose Stream Duration 
Storage Arrangement Class ft m ft m Orientation System Sprinklers Pressure Allowance (hours) 
Single-, double-, and Cartoned 11.2 (160) Wet 15 50 psi 500 gpm 1% 
multiple-row racks | unexpanded Upright (3.5 bar) (1900 L/min) ° 
without solid plastics : 
shelves (no 25 76 16.8 (240) Wet 15 22 psi 1% 
open-top Upright (1.5 bar) 
containers) 9.6 (280) ledi 
9.6 (2 6 psi vA 
Pendent Wet 15 (1.1 bar) 1% 
20 | 61 Wet 30 50 psi 2 
1.2 (160) (3.5 bar) 
Upright E nei 
Wet 20 psi 2 
(5.2 bar) 
30 9.1 
6.8 (240) f = 22 psi 
Upright Wet 15 (1.5 bar) 1% 
9.6 (280) A > 16 psi ” 
Pendent wet a (1.1 bar) 1% 
11.2 (160) a 15 + 1 level 50 psi ig 
Upright Wet of in-rack (3.5 bar) 1% 
= 16.8 (240) RK 22 psi 
95 o 1, Hak MA 
25 7.6 30 9.1 Upright Wet 15 (15 bar) 1% 
19.6 (280) 16 psi 7 
Pendent wee 13 (1.1 bar) 1% 
30 + 1 level 50 psi 
Ji Cc 
11.2 (160) Wee of in-rack (3.5 bar) 2 
Upright wer 1 204 1 level 75 psi ‘ 
of in-rack (5.2 bar) 
25 | 76 | 35 | 106 Wee ee |) ae 2 
16.8 (240) of in-rac (1.5 bar) 
Upright wer | 20+ Level 35 psi 3 
of in-rack (2.4 bar) 
19.6 (280) . s 25 psi i 
Pendent Wet 15 (1.7 bar) 1% 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-181 
Table 17.2.2.1 Continued 
Maximum 
Maximum Ceiling /Roof 
Storage Height Height Number of Minimum Water Supply 
Commodity K-Factor/ Type of Design Operating Hose Stream Duration 
Storage Arrangement Class ft m ft m Orientation System Sprinklers Pressure Allowance (hours) 
Single-, double-, and Exposed 11.2 (160) Wet 15 50 psi 500 gpm 1% 
multiple-row racks | unexpanded Upright i (3.5 bar) (1900 L/min) . 
without solid plastics 20 6.1 25 7.6 
shelves (no 16.8 (240) z 5 22 psi ii 
open-top Upright Wet ie (1.5 bar) 14 
containers) Bian 
Wet 30 na RE 2 
11.2 (160) (3.5 bar) 
Upright 75 psi 
‘ > o 5 1 ‘ 5 psi ‘ 
20 6.1 30 9.1 Wet 20 (5.2 bar) 2 
16.8 (240) ey 22 psi T 
Upright wet 7 (1.5 bar) 1 
11.2 (160) p 15 + 1 level 50 psi A 
Upright Wet of in-rack (3.5 bar) ie 
25 7.6 30 9.1 
16.8 (240) 4 Pe 22 psi w 
Upright Wet 15 (1.5 bar) Ve 
r 30 + 1 level 50 psi Š 
11.2 (160) Wet of in-rack (3.5 bar) 2 
Upright Wet 20 + 1 level 75 psi 9 
of in-rack (5.2 bar) 
25 7.6 35 10.6 
, 30 + 1 level 22 psi e 
16.8 (240) Wet of in-rack (1.5 bar) 2 
Upright Wet 20 + 1 level 35 psi 9 
of in-rack (2.4 bar) 


*Minimum 8 ft (2.4 m) aisle. 


17.2.2.2 Where in-rack sprinklers are required by Table 
17.2.2.1, in-rack sprinkler spacing, desig n pressure, and hy- 
draulic calculation criteria shall be in accordance with the re- 
quirements of 17.2.4 as applicable for the commodity. 


17.2.2.3 Protection shall be provided as specified in Table 
17.2.2.1 or appropriate NFPA standards in terms of minimum 
operating pressure and the number of sprinklers to be in- 
cluded in the design area. 


17.2.2.4 Open Wood Joist Construction. 


17.2.2.4.1 Where CMSA sprinklers are installed under open 
wood joist construction, their minimum operating pressure 
shall be 50 psi (3.4 bar) for a K-11.2 (160) sprinkler or 22 psi 
(1.5 bar) for a K-16.8 (240) sprinkler. 


17.2.2.4.2 Where each joist channel of open wood joist 
construction is fully fire-stopped to its full depth at intervals 
not exceeding 20 ft (6.1 m), the lower pressures specified in 
Table 17.2.2.1 shall be permitted to be used. 


17.2.2.5 Hose stream allowance and water supply duration 
requirements shall be in accordance with those for extra haz- 
ard occupancies in Table 17.2.2.1. 


17.2.2.6 Preaction Systems. For the purpose of using Table 
17.2.2.1, preaction systems shall be classified as dry pipe sys- 
tems. 


17.2.2.7 Building steel shall not require special protection 
where Table 17.2.2.1 is applied as appropriate for the storage 
configuration. 


17.2.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Plastics Commodities Stored Up to and 
Including 25 ft (7.6 m) in Height. 


17.2.3.1 Protection of single-, double-, and multiple-row 
rack storage of cartoned or uncartoned unexpanded plastic 
and cartoned expanded plastic shall be in accordance with 
Table 17.2.3.1. 


2010 Edition a 


Posted by Public.Resource.Org. Not affiliated with NFPA 


13-182 INSTALLATION OF SPRINKLER SYSTEMS 


Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics 
Commodities Stored Up to and Including 25 ft (7.6 m) in Height 


Maximum Maximum Minimum 
Storage Ceiling/ Operating Hose Stream Water 
Height Roof Height Pressure In-Rack Allowance Supply 
Nominal Sprinkler Duration 
Storage Arrangement Commodity ft m ft m K-Factor Orientation psi bar Requirements | gpm | L/min | (hours) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
25 7.6 
22.4 Pendent 25 17 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
30 9.1 
22.4 Pendent 25 1.7 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
14.0 Upright/ 75 5,2 No 
(200) Pendent 
Single-row, Cartoned 20 6.1 16.8 Upright/ 52 3.6 No 250 946 1 
double-row, and unexpanded (240) Pendent 
multiple-row rack 35 10.7 
(no open-top 22.4 Pendent 35 2.4 No 
containers) (320) 
25.2 Pendent 20 1.4 No 
(360) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
40 12:2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
25 7.6 30 9.1 
22.4 Pendent 25 1.7 No 
(320) 
25.2 Pendent 15 1.0 No 
(360) 
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PROTECTION OF PLASTIC AND RUBBER COMMODITIES THAT ARE STORED ON RACKS 13-183 
Table 17.2.3.1 Continued 
Maximum Maximum Minimum 
Storage Ceiling/ Operating Hose Stream Water 
Height Roof Height Pressure In-Rack Allowance Supply 
Nominal Sprinkler Duration 
Storage Arrangement Commodity ft m ft m K-Factor Orientation psi bar Requirements | gpm | L/min | (hours) 
14.0 Upright/ 60 4.1 No 
(200) Pendent 
32 9.8 
16.8 Upright/ 42 2.9 No 
(240) Pendent 
14.0 Upright/ 75 5.2 No 
(200) |Pendent 
16.8 Upright/ 52 3.6 No 
(240) Pendent 
35 10.7 
Cartoned 25 7.6 22.4 Pendent 35 2.4 No 
unexpanded (320) 
Single-row, 25.2 Pendent 20 1.4 No 250 946 1 
double-row, and (360) 
multiple-row rack 
(no open-top 14.0 Pendent 75 5.2 No 
containers) (200) 
16.8 Pendent 52 3.6 No 
(240) 
40 12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1:7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(360) 
14.0 Pendent 50 3.4 No 
(200) 
25 7.6 
16.8 Pendent 35 2.4 No 
(240) 
Exposed 20 6.1 14.0 Pendent 50 3.4 No 
unexpanded (200) 
30 9.1 
16.8 Pendent 35 2.4 No 
(240) 
14.0 Pendent 75 5.2 No 
(200) 
35 10.7 
16.8 Pendent 52 3.6 No 
(240) 
(continues) 
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13-184 INSTALLATION OF SPRINKLER SYSTEMS 
Table 17.2.3.1 Continued 
Maximum Maximum Minimum 
Storage Ceiling/ Operating Hose Stream Water 
Height Roof Height Pressure In-Rack Allowance Supply 
Nominal Sprinkler Duration 
Storage Arrangement Commodity ft m ft m K-Factor Orientation psi bar Requirements | gpm | L/min | (hours) 
14.0 Pendent 75 5.2 No 
(200) 
40 12.2 
20 6.1 16.8 Pendent 52 3.6 No 
(240) 
14.0 Pendent 90 6.2 Yes 
(200) 
45 13.7 
16.8 Pendent 63 4.3 Yes 
(240) 
14.0 Pendent 50 3.4 No 
(200) 
30 9.1 
16.8 Pendent 35 2.4 No 
(240) 
14.0 Pendent 60 4.1 No 
(200) 
32 9.8 
16.8 Pendent 42 2.9 No 
(240) 
Single-row, Exposed 25 7.6 14.0 Pendent 75 5.2 No 250 946 1 
double-row, and unexpanded (200) 
multiple-row rack 35 10.7 g 7 7 
(no open-top 16.8 Pendent 52 3.6 No 
containers) (240) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
40 12.2 
22.4 Pendent 50 3.4 No 
(320) 
25.2 Pendent 50 3.4 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
45 13.7 
16.8 Pendent 63 4.3 Yes 
(240) 
14.0 Upright/ 50 3.4 No 
(200) Pendent 
25 7.6 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
20 6.1 
14.0 Upright/ 50 34 No 
(200) Pendent 
30 9.1 
Cartoned 16.8 Upright/ 35 24 No 
expanded (240) Pendent 
14.0 Upright/ 50 34 No 
(200) Pendent 
30 9.1 
16.8 Upright/ 35 2.4 No 
(240) Pendent 
25 7.6 
14.0 Pendent 60 4.1 No 
(200) 
32 9.8 
16.8 Upright/ 42 2.9 No 
(240) Pendent 
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17.2.3.1.1 ESFR protection as defined shall not apply to the 
following: 


(1) Rack storage involving solid shelves 
(2) Rack storage involving combustible, open-top cartons or 
containers 


17.2.3.2 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 17.2.3.1 for type of storage, commodity, storage 
height, and building height involved. 


17.2.3.3 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. 


17.2.3.4 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 


17.2.4 In-Rack Sprinklers for Rack Storage of Plastics Com- 
modities Stored Up to and Including 25 ft (7.6 m) in Height. 


17.2.4.1 In-Rack Sprinkler Location for Rack Storage of Plas- 
tics Commodities Stored Up to and Including 25 ft (7.6 m) in 
Height. In-rack sprinklers shall be installed in accordance with 
Figure 17.2.1.2.1(a) through Figure 17.2.1.2.1(f). 


17.2.4.2 In-Rack Sprinkler Spacing for Rack Storage of Plas- 
tics Commodities Stored Up to and Including 25 ft (7.6 m) in 
Height. 


17.2.4.2.1 In-Rack Sprinkler Clearance. The minimum of 
6 in. (152.4 mm) vertical clear space shall be maintained be- 
tween the sprinkler deflectors and the top of a tier of storage. 


17.2.4.2.2 The spacing of in-rack sprinklers shall be in accor- 
dance with Figure 17.2.1.2.1(a) through Figure 17.2.1.2.1(f). 


17.2.4.2.3* In-rack sprinklers shall be located at an intersec- 
tion of transverse and longitudinal flues while not exceeding 
the maximum spacing rules. 


17.2.4.2.3.1 Where distances between transverse flues exceed 
the maximum allowable distances, sprinklers shall be installed 
at the intersection of the transverse and longitudinal flues, 
and additional sprinklers shall be installed between transverse 
flues to meet the maximum distance rules. 


17.2.4.2.3.2 Where no transverse flues exist, in-rack sprin- 
klers shall not exceed the maximum spacing rules. 


17.2.4.3 In-Rack Sprinkler Water Demand for Rack Storage of 
Plastics Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. The water demand for sprinklers installed in racks 
shall be based on simultaneous operation of the most hydrau- 
lically remote sprinklers as follows: 


(1) Eight sprinklers where only one level is installed in racks 
(2) Fourteen sprinklers (seven on each top two levels) where 
more than one level is installed in racks 


17.2.4.4 In-Rack Sprinkler Discharge Pressure for Rack Stor- 
age of Plastics Commodities Stored Up to and Including 25 ft 
(7.6 m) in Height. Sprinklers in racks shall discharge at not 
less than 15 psi (1 bar) for all classes of commodities. (See 
Section C.19.) 


17.2.5 Special Design for Rack Storage of Plastics Commodi- 
ties Stored Up to and Including 25 ft (7.6 m) in Height. 


17.2.5.1 Slatted Shelves. 


17.2.5.1.1* Slatted rack shelves shall be considered equivalent 
to solid rack shelves where the shelving is not considered open 


rack shelving or where the requirements of 17.2.5.1 are not 
met. (See Section C.20.) 


17.2.5.1.2 Awet pipe system that is designed to provide a mini- 
mum of 0.6 gpm/ft? (24.5 mm/min) density over a minimum 
area of 2000 ft? (186 m”) or K-14.0 (200) ESFR sprinklers operat- 
ing at a minimum of 50 psi (3.5 bar), K-16.8 (240) sprinklers 
operating at a minimum of 32 psi (1.7 bar), or K-25.2 (360) 
ESFR sprinklers operating at a minimum of 15 psi (1.0 bar) shall 
be permitted to protect single-row and double-row racks with slat- 
ted rack shelving racks where all of the following conditions are 
met: 


(1) Sprinklers shall be K-11.2 (160), K-14.0 (200), or K-16.8 
(240) orifice spray sprinklers with a temperature rating of 
ordinary, intermediate, or high and shall be listed for stor- 
age occupancies or shall be K-14.0 (200), K-16.8 (240), or 
K-25.2 (360) ESFR. 

(2) The protected commodities shall be limited to Class I 
through Class IV, Group B plastics, Group C plastics, car- 
toned (expanded and unexpanded) Group A plastics, 
and exposed (unexpanded) Group A plastics. 

(3) Slats in slatted rack shelving shall be a minimum nomi- 
nal 2 in. (51 mm) thick by maximum nominal 6 in. 
(152 mm) wide with the slats held in place by spacers 
that maintain a minimum 2 in. (51 mm) opening be- 
tween each slat. 

(4) Where K-11.2 (160), K-14.0 (200), or K-16.8 (240) orifice 
sprinklers are used, there shall be no slatted shelf levels 
in the rack above 12 ft (3.7 m). Open rack shelving using 
wire mesh shall be permitted for shelf levels above 12 ft 
(3.7 m). 

(5) Transverse flue spaces at least 3 in. (76 mm) wide shall 
be provided at least every 10 ft (3.1 m) horizontally. 

(6) Longitudinal flue spaces at least 6 in. (152 mm) wide 
shall be provided for double-row racks. Longitudinal 
flue spaces shall not be reguired when ESFR sprinklers 
are used. 

(7) The aisle widths shall be at least 716 ft (2.3 m). 

(8) The maximum roof height shall be 27 ft (8.2 m) or 30 ft 
(9.1 m) where ESFR sprinklers are used. 

(9) The maximum storage height shall be 20 ft (6.1 m). 

(10) Solid plywood or similar materials shall not be placed on 
the slatted shelves so that they block the 2 in. (51 mm) 
spaces between slats, nor shall they be placed on the wire 
mesh shelves. 


17.3 Protection Criteria for Rack Storage of Plastics Com- 
modities Stored Over 25 ft (7.6 m) in Height. 


17.3.1 Control Mode Density/Area Sprinkler Protection Crite- 
ria for Rack Storage of Plastics Commodities Stored Over 25 ft 
(7.6 m) in Height for Single-, Double-, and Multiple-Row Racks. 


17.3.1.1* Ceiling Sprinkler Water Demand. For Group A plas- 
tic commodities in cartons, encapsulated or nonencapsulated, 
ceiling sprinkler water demand in terms of density [gpm/ft” 
(mm/min) ] and area of operation (ft? (m?) ] shall be selected 
from Table 17.3.1.1. 


17.3.1.2 Where a single-row rack is mixed with double-row 
racks, either Figure 17.3.1.2(a) or Figure 17.3.1.2(b) shall be 
used in accordance with the corresponding storage height. 


17.3.1.2.1 Figure 17.3.1.2.1(a) through Figure 17.3.1.2.1(c) 
shall be permitted to be used for the protection of the single- 


row racks. 
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INSTALLATION OF SPRINKLER SYSTEMS 


Table 17.3.1.1 Control Mode Density/Area Sprinkler 
Discharge Criteria for Single-, Double-, and Multiple-Row 
Racks of Plastics Commodities with Storage Over 25 ft (7.6 
m) in Height 


Storage Height Above Top 


Level In-Rack Sprinklers Ceiling Sprinklers Density 


ft m gpm/ ft? mm/min 


1.5 m or less | 0.30/2000 ft? | 12.2/186 m? 
Over 1.5m | 0.45/2000 ft? | 18.3/186 m? 


5 ft or less 
Over 5 ft up to 


10 ft up to 3.05 m 


17.3.1.3 The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream allow- 
ance from Table 17.3.1.3 to the water supply for sprinklers 
determined in Section 17.3. This supply shall be available for 
the minimum duration specified in Table 17.3.1.3. 


17.3.1.4 For Group A plastic commodities that are exposed 
and unexpanded, encapsulated or unencapsulated, that are 
permitted to be protected in accordance with one of the in- 
rack options of 17.3.4.1.3, the ceiling sprinkler water demand 
in terms of density and area of operation shall be selected 
from Table 17.3.1.1. 


Notes: 


a 


stagger. 


Barriers shown with 
background 


Plan View 


Elevation View 


17.3.2 CMSA Sprinklers for Rack Storage of Plastics Com- 
modities Stored Over 25 ft (7.6 m) in Height. 


17.3.2.1 Protection of single-, double-, and multiple-row rack 
storage without solid shelves for unexpanded plastic com- 
modities shall be in accordance with Table 17.3.2.1. 


17.3.2.2 Protection shall be provided as specified in Table 
17.3.2.1 or appropriate NFPA standards in terms of minimum 
operating pressure and the number of sprinklers to be in- 
cluded in the design area. 


17.3.2.3 The design area shall be a rectangular area having a 
dimension parallel to the branch lines at least 1.2 times the 
square root of the area protected by the number of sprinklers 
to be included in the design area. Any fractional sprinkler 
shall be included in the design area. 


17.3.2.4 Building steel shall not require special protection 
where Table 17.3.2.1 is applied as appropriate for the storage 
configuration. 


17.3.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Plastics Commodities Stored Over 25 ft 
(7.6 m) in Height. 


17.3.3.1 Protection of single-, double-, and multiple-row rack 
storage of cartoned or uncartoned unexpanded plastic shall 
be in accordance with Table 17.3.3.1. 


. Sprinklers and barriers labeled 1 shall be required where loads 
labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 and barriers labeled 1 shall be required 
where loads labeled C represent top of storage. 

3. Sprinklers and barriers labeled 1 and 3 shall be required where 
loads labeled D or E represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated. 

Barrier 5. Symbol Aor x indicates face sprinklers on vertical or horizontal 


6. Symbol o indicates longitudinal flue space sprinklers. 

7. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.3.1.2(a) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, 


Storage Height Over 25 ft (7.6 m) — Option 1. 
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Notes: 

1. Sprinklers labeled 1 shall be required where loads labeled A or B 
represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled 
C represent top of storage. 

N 3. Sprinklers labeled 1 and 3 shall be required where loads labeled D 

or E represent top of storage. 

4. For storage higher than loads labeled F, the cycle defined by 
Notes 2 and 3 is repeated. 

5. Symbol x indicates face and in-rack sprinklers. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 
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FIGURE 17.3.1.2(b) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, 
Storage Height Over 25 ft (7.6 m) — Option 2. 


Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1.22 m to 1.53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 
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FIGURE 17.3.1.2.1(a) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single- 
Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1.22 m to 1.53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 
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FIGURE 17.3.1.2.1(b) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single- 
Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2. 
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FIGURE 17.3.1.2.1(c) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single- 


Plan View 


Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1.22 m to 1.53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


Row Racks, Storage Height Over 25 ft (7.6 m) — Option 3. 


Table 17.3.1.3 Hose Stream Allowance and Water Supply Duration Requirements for Rack Storage of Plastics Commodities 
Stored Over 25 ft (7.6 m) in Height 


Total Combined Inside and 
Storage Height Inside Hose Outside Hose 
Commodity Duration 
Classification ft m gpm L/min gpm L/min (minutes) 
Plastic >25 >7.6 0,50,or 100 0, 190, or 380 500 1900 120 


Table 17.3.2.1 CMSA Sprinkler Design Criteria for Single-, Double-, and Multiple-Row Racks Without Solid Shelves of Plastics 
Commodities Stored Over 25 ft (7.6 m) in Height 


Maximum 
Maximum Storage Ceiling /Roof Water 
Height Height Number of Minimum Supply 
Storage Commodity K-Factor/ Type of Design Operating Hose Stream Duration 
Arrangement Class ft m ft m Orientation System Sprinklers Pressure Allowance (hours) 
30 9.1 35 10.6 19.6 (280) Wet 15 25 psi 500 gpm 1% 
Single-, double-, Pendent (1.7 bar) (1900 L/min) 
and multiple-row Cartoned 
racks without unexpanded 
solid shelves (no plastics 35 10.6 40 121 19.6 (280) Wet 15 30 psi 500 gpm 1% 
open-top Pendent (2.1 bar) (1900 L/min) 
containers) 
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Table 17.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics 


Commodities Stored Over 25 ft (7.6 m) in Height 


Maximum Minimum 
Maximum Ceiling/Roof Operating Hose Stream Water 
Storage Height Height Pressure In-Rack Allowance Supply 
Storage Nominal Sprinkler Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar |Requirements | gpm | L/min (hours) 
14.0 Upright/ 75 5.2 No 
(200) Pendent 
16.8 Upright/ 52 3.6 No 
(240) Pendent 
35 10.7 
22.4 Pendent 35 2.4 No 
(320) 
25.2 Pendent 20 1.4 No 
(360) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
30 9.1 40 12.2 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 25 1.7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
Single-row, Cartoned 25.2 Pendent 40 2.8 No 250 946 1 
double-row, and | unexpanded (360) 
multiple-row 
rack (no 14.0 Pendent 75 5.2 No 
open-top (200) 
containers) iea "Ee Bs Se N 
ang % endent 52 3.6 Vo 
40 12.2 (240) 
25.2 Pendent 25 1.7 No 
(360) 
14.0 Pendent 90 6.2 Yes 
25 
35 10.7 (200) 
16.8 Pendent 63 4.3 Yes 
(240) 
45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(320) 
14.0 Pendent 90 6.2 Yes 
(200) 
16.8 Pendent 63 4.3 Yes 
(240) 
40 12.2 45 13.7 
22.4 Pendent 40 2.8 No 
(320) 
25.2 Pendent 40 2.8 No 
(320) 
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Table 17.3.3.1 Continued 


Maximum Minimum 
Maximum Ceiling /Roof Operating Hose Stream Water 
Storage Height Height Pressure In-Rack Allowance Supply 
Storage Nominal Sprinkler Duration 
Arrangement Commodity ft m ft m K-Factor Orientation psi bar |Requirements | gpm | L/min (hours) 
14.0 Pendent 75 5.2 No 
(200) 
35 10.7 
16.8 Pendent 52 3.6 No 
(240) 
14.0 Pendent 75 5.2 No 
(200) 
16.8 Pendent 52 3.6 No 
(240) 
30 9.1 40 12.2 
22.4 Pendent 50 3.4 No 
(320) 
25.2 Pendent 50 3.4 
(320) 
14.0 Pendent 90 6.2 Yes 
(200) 
45 13.7 
16.8 Pendent 63 4.3 Yes 
(240) 
Single-row, Exposed 14.0 Pendent 75 5.2 No 250 946 1 
double-row, and | unexpanded (200) 
multiple-row 
rack (no 16.8 Pendent 52 3.6 No 
open-top (240) 
containers) 40 12.2 
22.4 Pendent 50 3.4 No 
(320) 
35 10.7 
25.2 Pendent 50 3.4 
(320) 
14.0 Pendent 90 6.2 Yes 
(200) 
45 13.7 
16.8 Pendent 63 4.3 Yes 
(240) 
14.0 Pendent 90 6.2 Yes 
(200) 
40 12.2 45 13.7 
16.8 Pendent 63 4.3 Yes 
(240) 


17.3.3.1.1 ESFR protection as defined shall not apply to the 
following: 


17.3.3.4.1 In-rack sprinkler hydraulic design criteria shall 
be the most hydraulically remote eight sprinklers at 60 gpm 
(227 L/min). 


17.3.3.4.2 In-rack sprinklers shall be located at the intersec- 
tion of the longitudinal and transverse flue space. 


(1) Rack storage involving solid shelves 


(2) Rack storage involving combustible, open-top cartons or 


containers 
17.3.3.4.3 Horizontal spacing shall not be permitted to ex- 


ceed 5 ft (1.5 m) intervals. 


17.3.3.5 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 


17.3.3.2 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 17.3.3.1 for type of storage, commodity, storage 


height, and building height involved. 


17.3.3.3 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. 


17.3.3.4 Where required by Table 17.3.3.1, one level of K-8.0 
(115) or K-11.2 (160) quick-response, ordinary-temperature in- 
rack sprinklers shall be installed at the tier level closest to but not 
exceeding one-half of the maximum storage height. 


one of the levels shall be included with those of the other level 
in the hydraulic calculations. 


17.3.4 In-Rack Sprinklers for Rack Storage of Plastics Com- 
modities Stored Over 25 ft (7.6 m) in Height. 


17.3.4.1 In-Rack Sprinkler Location for Rack Storage of Plas- 
tics Commodities Stored Over 25 ft (7.6 m) in Height. 


17.3.4.1.1 In double-row racks without solid shelves and with 
a maximum of 10 ft (3.1 m) between the top of storage and the 
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ceiling, in-rack sprinklers shall be installed in accordance with 
Figure 17.3.1.2(a) or Figure 17.3.1.2(b). The highest level of 
in-rack sprinklers shall be not more than 10 ft (3.1 m) below 
the top of storage. 


17.3.4.1.2 In single-row racks without solid shelves with storage 
height over 25 ft (7.6 m) and a maximum of 10 ft (3.1 m) be- 
tween the top of storage and the ceiling, sprinklers shall be in- 
stalled as indicated in Figure 17.3.1.2.1(a), Figure 17.3.1.2.1(b), 
or Figure 17.3.1.2.1(c). 


17.3.4.1.3* In multiple-row racks without solid shelves with stor- 
age height over 25 ft (7.6 m) and a maximum of 10 ft (3.1 m) 
between the top of storage and the roof/ceiling, in-rack sprin- 
klers shall be installed as indicated in Figure 17.3.4.1.3(a) 
through Figure 17.3.4.1.3(f). 


17.3.4.1.4 In single-row and double-row racks without solid 
shelves with storage height over 25 ft (7.6 m) with aisles 
greater than 4 ft (1.2 m), in-rack sprinklers shall be located in 
accordance with Figure 17.3.4.1.4, and the ceiling sprinklers 
shall be designed for 0.45 gpm/ft? (18.3 mm/min) over a 
minimum design area of 2000 ft? (186 m°). 


17.3.4.2 In-Rack Sprinkler Spacing for Rack Storage of Plas- 
tics Commodities Stored Over 25 ft (7.6 m) in Height. 


17.3.4.2.1 In-rack sprinklers for storage higher than 25 ft 
(7.6 m) in double-row racks shall be spaced horizontally and 
shall be located in the horizontal space nearest the vertical 
intervals specified in Figure 17.3.1.2(a) or Figure 17.3.1.2(b). 


18 in. (0.46 m) 
maximum 


8 ft (2.44 m) 
maximum 
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17.3.4.2.2 The minimum of 6 in. (152.4 mm) vertical clear 
space shall be maintained between the sprinkler deflectors 
and the top of a tier of storage. 


17.3.4.2.3* In-rack sprinklers shall be located at an intersec- 
tion of transverse and longitudinal flues while not exceeding 
the maximum spacing rules. 


17.3.4.2.3.1 Where distances between transverse flues exceed 
the maximum allowable distances, sprinklers shall be installed 
at the intersection of the transverse and longitudinal flues, 
and additional sprinklers shall be installed between transverse 
flues to meet the maximum distance rules. 


17.3.4.2.3.2 Where no transverse flues exist, in-rack sprin- 
klers shall not exceed the maximum spacing rules. 


17.3.4.3 In-Rack Sprinkler Water Demand for Rack Storage of 
Plastics Commodities Stored Over 25 ft (7.6 m) in Height. The 
water demand for sprinklers installed in racks shall be based 
on simultaneous operation of the most hydraulically remote 
sprinklers as follows: 


(1) Eight sprinklers where only one level is installed in racks 
(2) Fourteen sprinklers (seven on each top two levels) where 
more than one level is installed in racks 


17.3.4.4 In-Rack Sprinkler Discharge Pressure for Rack Stor- 
age of Plastics Commodities Stored Over 25 ft (7.6 m) in 
Height. Sprinklers in racks shall discharge at not less than 
30 gpm (113.6 L/min). 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load 
heights can vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart 


vertically. 


FIGURE 17.3.4.1.3(a) In-Rack Sprinkler Arrangement, Cartoned Plastic and 
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 


25 ft (7.6 m) — Option 1 [10 ft (3.05 m) Maximum Spacing]. 
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18 in. (0.46 m) <8 ft (2.44 m) 6 Note: Each sguare represents a storage cube measuring 
maximum maximum Face sprinklers 


4 ft to 5 ft (1.22 m to 1.53 m) ona side. Actual load heights 
can vary from approximately 18 in. (0.46 m) up to 10 ft 
(3.05 m). Therefore, there could be as few as one load or 
as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 
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FIGURE 17.3.4.1.3(b) In-Rack Sprinkler Arrangement, Cartoned Plastic 
and Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height 
Over 25 ft (7.6 m) — Option 2 [10 ft (3.05 m) Maximum Spacing]. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load 
heights can vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one 
load or as many as six or seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.3.4.1.3(c) In-Rack Sprinkler Arrangement, Cartoned Plastic 


and Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height 
Over 25 ft (7.6 m) — Option 1 [5 ft (1.52 m) Maximum Spacing]. 
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maximum Maximum Face sprinklers 4 ft to 5 ft (1.22 m to 1.52 m) ona side. Actual load heights 


5 ft (1.52 m) 


\ 


can vary from approximately 18 in. (0.46 m) up to 10 ft 
(3.05 m). Therefore, there could be as few as one load or 
as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 
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FIGURE 17.3.4.1.3(d) In-Rack Sprinkler Arrangement, Cartoned Plastic and 
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 
25 ft (7.6 m) — Option 2 [5 ft (1.52 m) Maximum Spacing]. 
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Elevation View 


Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1.22 m to 1.53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 


FIGURE 17.3.4.1.3(e) In-Rack Sprinkler Arrangement, Cartoned Plastic and 
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 
25 ft (7.6 m) — Option 3 [5 ft (1.52 m) Maximum Spacing]. 
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FIGURE 17.3.4.1.3(£) In-Rack Sprinkler Arrangement, Cartoned Plastic and 


Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 
25 ft (7.6 m) — Option 4 [5 ft (1.52 m) Maximum Spacing]. 
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FIGURE 17.3.4.1.4 In-Rack Sprinkler Arrangement, Cartoned Expanded and 
Unexpanded Plastic and Uncartoned Unexpanded Plastic Commodities, Single- 
and Double-Row Racks, Storage Height Over 25 ft (7.6 m). 
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Chapter 18 Protection of Rubber Tire Storage 


18.1 General. The reguirements of Chapter 12 shall apply un- 
less modified by this chapter. 


18.2 Columns Within Rubber Tire Storage. 


18.2.1 Where fireproofing is not provided, steel columns 
shall be protected as follows: 


(1) Storage exceeding 15 ft through 20 ft (4.6 m through 6 m) 
in height— one sidewall sprinkler directed to one side of the 
column ata 15 ft (4.6 m) level 

(2) Storage exceeding 20 ft (6.1 m) in height — two sidewall 
sprinklers, one at the top of the column and the other ata 
15 ft (4.6 m) level, both directed to the side of the column 


18.2.2 The flow from a column sprinkler(s) shall be permit- 
ted to be omitted from the sprinkler system hydraulic calcula- 
tions. 


18.2.3 The protection specified in 18.2.1(1) and 18.2.1(2) 
shall not be required where storage in fixed racks is protected 
by in-rack sprinklers. 


18.2.4 The protection specified in 18.2.1 shall not be re- 
quired where ESFR or CMSA sprinkler systems that are ap- 
proved for rubber tire storage are installed. 


18.2.5 The rate of water supply shall be sufficient to provide 
the required sprinkler discharge density over the required 
area of application plus provision for generation of high- 
expansion foam and in-rack sprinklers where used. 


18.3 Water Supplies. Total water supplies shall be in accor- 
dance with the following options: 


(1) Aminimum of not less than 750 gpm (2835 L/min) for 
hose streams in addition to that required for automatic 
sprinklers and foam systems. Water supplies shall be ca- 
pable of supplying the demand for sprinkler systems and 
hose streams for not less than 3 hours. 

(2) For on-floor storage up to and including 5 ft (1.5 m) in 
height, hose stream requirements shall be permitted to 
be 250 gpm (946 L/min) with a water supply duration of 
not less than 2 hours. 

(3) For ESFR and CMSA sprinkler systems approved for rub- 
ber tire storage, duration and hose allowance shall be in 
accordance with Table 18.4(c) and Table 18.4(d). 


18.4* Ceiling Systems. Sprinkler discharge and area of appli- 
cation shall be in accordance with one of the following: 


(1) Table 18.4(a) or (b) for standard spray sprinklers 
(2) Table 18.4(c) for CMSA sprinklers 
(3) Table 18.4(d) for ESFR sprinklers 


Table 18.4(a) Protection Criteria for Rubber Tire Storage Using Control Mode 
Density/Area Sprinklers (Discharge Densities are gpm/ft? over ft?) 


Areas of Application (ft?) 
(see Note 1) 


Sprinkler Discharge Density High 
(gpm/ ft?) Ordinary Temperature 
Piling Method Piling Height (ft) (see Note 1) Temperature (see Note 1) 
(1) On-floor storage Up to5 0.19 2000 2000 
(a) Pyramid piles, on-side Over 5 to 12 0.30 2500 2500 
(b) Other arrangements such that no horizontal Over 12 to 18 0.60 Not allowed 2500 
channels are formed (see Note 2) 
(2) On-floor storage Up to 5 0.19 2000 2000 
Tires on-tread Over 5 to 12 0.30 2500 2500 
(3) Palletized portable rack storage Up to 5 0.19 2000 2000 
On-side or on-tread Over 5 to 20 See Table 18.4(b) — — 
Over 20 to 30 0.30 plus high-expansion foam 3000 3000 
(4) Palletized portable rack storage on-side Up to 5 0.19 2000 2000 
Over 5 to 20 See Table 18.4(b) — — 
Over 20 to 25 0.60 and Not allowed 5000 
0.90 (see Note 3) or Not allowed 3000 
0.75 with 1-hour fire-resistive Not allowed 4000 
rating of roof and ceiling 
assembly 
(5) Open portable rack storage, on-side or Up to 5 0.19 2000 2000 
on-tread Over 5 to 12 0.60 5000 3000 
Over 12 to 20 0.60 and Not allowed 5000 
0.90 (see Note 3) or Not allowed 3000 
0.30 plus high-expansion foam 3000 3000 
(6) Open portable rack storage laced Over 12 to 20 0.60 and Not allowed 5000 
0.90 (see notes 3 and 5) Not allowed 3000 
(7) Single-, double-, and multiple-row fixed rack Up to 5 0.19 2000 2000 
storage on pallets, on-side, or on-tread without Over 5 to 20 See Table 18.4(b) or 3000 3000 
shelves 0.40 plus one level in-rack 
sprinklers or 
0.30 plus high-expansion foam 3000 3000 
Over 20 to 30 0.30 plus high-expansion foam Not allowed 3000 
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Table 18.4(a) Continued 
Areas of Application (ft?) 
(see Note 1) 
Sprinkler Discharge Density High 
(gpm/ ft”) Ordinary Temperature 
Piling Method Piling Height (ft) (see Note 1) Temperature (see Note 1) 
(8) Single-, double-, and multiple-row fixed rack Up to5 0.19 2000 2000 
storage without pallets or shelves, on-side or Over 5 to 12 0.60 5000 3000 
on-tread 0.40 plus one level in-rack 3000 3000 
sprinklers 
Over 12 to 20 0.60 and Not allowed 5000 
0.90 (see Note 3) or Not allowed 3000 
0.40 plus one level in-rack 3000 3000 
sprinklers or 
0.30 plus high-expansion foam 3000 3000 
Over 20 to 30 0.30 plus high-expansion foam Not allowed 3000 
For SI units, 1 ft = 0.3048 m; 1 ft? = 0.0929 m4 1 gpm/ft? = 40.746 mm/min. 
Notes: 
(1) Sprinkler discharge densities and areas of application are based on a maximum clearance of 10 ft (3.1 m) between 
sprinkler deflectors and the maximum height of storage anticipated. 
(2) Laced tires on-floor, vertical stacking on-side (typical truck tires), and off-road tires. Laced tires are not stored to a 
significant height by this method due to the damage inflicted on the tire (i.e., bead). 
(3) Water supply shall fulfill both requirements. 
(4) Shelf storage of rubber tires shall be protected as solid rack shelving. 
(5) This protection scheme is for use with K-16.8 (240) or larger control mode sprinklers only. Maximum clearance to ceiling 
can be increased to 14 ft (4.25 m) with this scheme. 
Table 18.4(b) Control Mode Density/Area Sprinklers System Density for 
Palletized Portable Rack Storage and Fixed Rack Storage of Rubber Tires 
with Pallets, Over 5 ft to 20 ft in Height (Discharge Densities are gpm/ft? over ft”) 
Sprinkler Temperature 
Storage Height High Temperature Ordinary Temperature 
>5 ft to 10 ft 0.32/2000 0.32/2000 
>10 ft to 12 ft 0.39/2000 0.39/2600 
>12 ft tol4 ft 0.45/2000 0.45/3200 
»14 ftto 16 ft 0.5/2300 0.5/3700 
»16 ftto 18 ft 0.55/2600 0.55/4400 
>18 ft to 20 ft 0.6/3000 0.6/5000 
Table 18.4(c) Control Mode Specific Application (CMSA) Protection for Rubber Tires 
Maximum 
Maximum Storage | Ceiling/Roof Water 
Height Height . Supply 
Typeof | Numberof | Operating | Hose Stream | Duration 
Piling Method ft m ft m | K-Factor | System Sprinklers Pressure Allowance (hours) 
Rubber tire storage, 
on-side or on-tread, in 11.2 75 psi 500 gpm 
palletized portable 25 7.6 32 9.8 (160) Wet 15 (5.2 bar) | (1900 L/min) 3 
racks, or open 
portable racks, or 
fixed racks without 16.8 35 psi 500 gpm 
solid shelves 25 7.6 32 9.8 (240) Wet 15 (2.4 bar) (1900 L/min) 3 
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Table 18.4(d) Early Suppression Fast-Response (ESFR) Sprinklers for Protection of Rubber Tires (see Note 1) 


Minimum 
Maximum Operating 
Building Pressure 
Height (see Note 2) Hose Allowance 
Nominal Number of Duration 
Piling Method Pile Height ft m K-factor Orientation Sprinklers psi bar (hours) gpm L/min 
14.0 Upright/ 12 50 3.5 1 250 946 
(200) Pendent (see Note 2) 
Rubber tre storage onid: 16.8 Upright/ 12 35 | 24 1 250 946 
or on-tread, in palletized 240 Pend se Note 2 
portable racks, open Up to 25 ft 30 91 ( ) endent (see Note 2) 
portable racks, or fixed | (7.6 m) : a: 22.4 Pendent 12 25 | 17 1 250 946 
racks without solid (320) (see Note 2) 
shelves 
25.2 Pendent 12 15 1.0 1 250 946 
(360) (see Note 2) 
14.0 Upright/ 12 75 5.2 1 250 946 
(200) Pendent (see Note 2) 
Rubber tire storage, on-side, 16.8 Pendent 12 52 3.6 1 250 946 
in palletized portable Up to 25 ft (240) (see Note 2) 
racks, open portable (7.6 m) 35 10.7 
racks, or fixed racks mam 22.4 Pendent 12 35 2.4 J 250 946 
without solid shelves (320) (see Note 2) 
25.2 Pendent 12 25 17 il 250 946 
(360) (see Note 2) 
14.0 Pendent 20 75 5:2 3 500 1900 
Laced tires in open portable | Up to 25 ft 30 91 (200) (see Notes 3 and 4) 
steel racks (7.6 m) ` ~ 16.8 Pendent 52 3.6 
(240) 
Rubber tire storage, on-side, | Up to 25 ft 40 12.2 14.0 Pendent 12 75 5.2 1 250 946 
in palletized portable (7.6 m) (200) 
racks 
16.8 Pendent 52 3.6 
(240) 
Rubber tire storage, Up to 25 ft 40 12.2 25.2 Pendent 12 40 2.8 1 250 946 
on-tread, or laced in (7.6 m) (360) 
open portable steel racks 
Laced tires in open portable | Up to 30 ft 40 12.2 25:2 Pendent 12 75 5.2 1 250 946 
steel racks (9.1 m) (360) 


Notes: 
(1) Wet systems only. 
(2) The shape of the design area shall be in accordance with 14.4.3 and 14.4.4. 


(3) Where used in this application, ESFR protection is expected to control rather than to suppress the fire. 
(4) The design area shall consist of the most hydraulically demanding area of 20 sprinklers, consisting of five sprinklers on 
each of four branch lines. The design shall include a minimum operating area of 1600 ft? (149 m°). 


18.5 In-Rack Sprinkler System Requirements for Protection 
of Rubber Tires. 


18.5.1 In-rack sprinklers, where provided, shall be installed 
in accordance with Chapter 17, except as modified by 18.5.2 
through 18.5.4. 


18.5.2 The maximum horizontal spacing of sprinklers in 
racks shall be 8 ft (2.4 m). 


18.5.3 Water demand for sprinklers installed in racks shall be 
based on simultaneous operation of the most hydraulically re- 
mote 12 sprinklers where only one level is installed in racks. 


18.5.4 Sprinklers in racks shall discharge at not less than 30 psi 
(2.1 bar). 


18.6 Reduced Discharge Density. Where high-expansion 
foam systems are installed in accordance with NFPA 11, Stan- 
dard for Low-, Medium-, and High-Expansion Foam, a reduction in 
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sprinkler discharge density to one-half the density specified in 
Table 18.4(a) or 0.24 gpm/ft? (9.78 mm/min), whichever is 
higher, shall be permitted. 


Chapter 19 Protection of Roll Paper 


19.1* Protection of Roll Paper Storage. 


19.1.1 General. The requirements of Chapter 12 shall apply 
unless modified by this chapter. 


19.1.1.1 The water supply system for automatic fire protection 
systems shall be designed for a minimum duration of 2 hours. 


19.1.1.1.1 For ESFR sprinklers, the water supply duration 
shall be 1 hour. 


19.1.1.2 Atleast 500 gpm (1900 L/min) shall be added to the 
sprinkler demand for large and small hose stream allowance. 
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19.1.1.2.1 For ESFR sprinklers, the hose stream allowance 
shall be for 250 gpm (946 L/min). 


19.1.1.3 The water supply design shall include the demand of 
the automatic sprinkler system plus the hose stream allowance 
plus, where provided, the high-expansion foam system. 


19.1.1.4 Wet pipe systems shall be used in tissue storage areas. 


19.1.1.5 Horizontal storage of heavyweight or mediumweight 
paper shall be protected as a closed array. 


19.1.1.6 Mediumweight paper shall be permitted to be pro- 
tected as heavyweight paper where wrapped completely on the 
sides and both ends, or where wrapped on the sides only with 
steel bands. Wrapping material shall be either a single layer of 
heavyweight paper with a basis weight of 40 Ib (18.1 kg) or two 
layers of heavyweight paper with a basis weight of less than 
40 Ib (18.1 kg). 


19.1.1.7 Lightweight paper or tissue paper shall be permitted 
to be protected as mediumweight paper where wrapped com- 
pletely on the sides and both ends, or where wrapped on the 
sides only with steel bands. Wrapping material shall be either a 
single layer of heavyweight paper with a basis weight of 40 Ib 
(18.1 kg) or two layers of heavyweight paper with a basis 
weight of less than 40 Ib (18.1 kg). 


19.1.1.8 For purposes of sprinkler system design criteria, 
lightweight class paper shall be protected as tissue. 

19.1.2* Protection Criteria for the Protection of Roll Paper 
Storage. 


19.1.2.1 Control Mode Density/Area Sprinkler Protection 
Criteria for the Protection of Roll Paper Storage. 


19.1.2.1.1 Storage of heavyweight or mediumweight classes 
of rolled paper up to 10 ft (3.1 m) in height shall be protected 
by sprinklers designed for ordinary hazard Group 2 densities. 


19.1.2.1.2 Storage of tissue and lightweight classes of paper 
up to 10 ft (3.1 m) in height shall be protected by sprinklers in 
accordance with extra hazard Group 1 densities. 


19.1.2.1.3 Sprinkler design criteria for storage of roll paper 
10 ft (3.1 m) high and higher in buildings or structures with 
roof or ceilings up to 30 ft (9.1 m) shall be in accordance with 
Table 19.1.2.1.3(a) and Table 19.1.2.1.3(b). 


19.1.2.1.4* High-temperature sprinklers shall be used for in- 
stallations protecting roll paper stored 15 ft (4.6 m) or higher. 


19.1.2.1.5 The protection area per sprinkler shall not exceed 
100 ft? (9.3 m?) or be less than 70 ft? (6.5 m°). 


19.1.2.1.6 Where high-expansion foam systems are installed 
in heavyweight class and mediumweight class storage areas, 
sprinkler discharge design densities can be reduced to not less 
than 0.24 gpm/ft? (9.8 mm/min) with a minimum operating 
area of 2000 ft? (186 m?). 


19.1.2.1.7 Where high-expansion foam systems are installed 
in tissue storage areas, sprinkler discharge densities and areas 
of application shall not be reduced below those provided in 
Table 19.1.2.1.3(a) and Table 19.1.2.1.3(b). 


19.1.2.2 CMSA Sprinklers for the Protection of Roll Paper 
Storage. Where automatic sprinkler system protection utilizes 
CMSA sprinklers, hydraulic design criteria shall be as specified 
in Table 19.1.2.2. 


19.1.2.3 Early Suppression Fast-Response (ESFR) Sprinklers 
for the Protection of Roll Paper Storage. Where automatic 
sprinkler system protection utilizes ESFR sprinklers, hy- 
draulic design criteria shall be as specified in Table 19.1.2.3. 
Design discharge pressure shall be applied to 12 operating 
sprinklers. 


Table 19.1.2.1.3(a) Control Mode Density/Area Sprinkler Protection Criteria for 
the Protection of Roll Paper Storage for Buildings or Structures with Roof or Ceilings 


Up to 30 ft (Discharge Densities are gpm/ ft? over ft?) 


Heavyweight Mediumweight 

Storage Closed Array Standard Array Open Array Closed Array Standard Array Open Array Tissue 

Height | Clearance | Banded or Banded or Banded or All Storage 
(£t) (ft) Unbanded Banded |Unbanded | Banded | Unbanded Unbanded Banded Unbanded Unbanded Arrays 
10 <5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2000 | 0.3/2000 0.3/2000 0.3/2000 0.3/2000 0.3/2000 0.45/2000 
10 >5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2000 | 0.3/2000 0.3/2000 0.3/2000 0.3/2000 0.3/2000 0.45/2500 
15 <5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2500 | 0.3/3000 0.3/2000 0.3/2000 0.45/2500 0.45/2500 0.60/2000 
15 »5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/3000 | 0.3/3500 0.3/2000 0.3/2500 0.45/3000 0.45/3000 0.60/3000 
20 <5 0.3/2000 0.3/2000 | 0.3/2500 | 0.45/3000 | 0.45/3500 0.3/2000 0.45/2500 0.6/2500 0.6/2500 0.75/2500 
20 »5 0.3/2000 0.3/2500 | 0.3/3000 | 0.45/3500 | 0.45/4000 0.3/2500 0.45/3000 0.6/3000 0.6/3000 0.75/3000 
25 <5 0.45/2500 | 0.45/3000 | 0.45/3500 | 0.6/2500 | 0.6/3000 0.45/3000 0.6/3000 0.75/2500 0.75/2500 see Note 1 


Notes: 
(1) Sprinkler protection requirements for tissue stored above 20 ft have not been determined. 
(2) Densities or areas, or both, shall be permitted to be interpolated between any 5 ft storage height increment. 
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Table 19.1.2.1.3(b) Control Mode Density/Area Sprinkler Protection Criteria 
for the Protection of Roll Paper Storage for Buildings or Structures with Roof 


or Ceilings Up to 9.1 m (Discharge Densities are mm/min over m°) 


Heavyweight Mediumweight 
Standard Arr Open Arr: — Standard Arr: 

Storage Closed Array tangar ay pensara Array tangar ay Open Array Tissue 
Height Clearance Banded or Banded or Banded or All Storage 
(m) (m) Unbanded Banded |Unbanded | Banded |Unbanded | Unbanded Banded Unbanded | Unbanded Arrays 
3.1 <1.5 12.2/185.8 12.2/185.8 (12.2/185.8 |12.2/185.8 |12.2/185.8| 12.2/185.8 | 12.2/185.8 | 12.2/185.8 | 12.2/185.8 18.3/185.8 
3.1 21.5 12.2/185.8 12.2/185.8 (12.2/185.8 |12.2/185.8 |12.2/185.8 | 12.2/185.8 | 12.2/185.8 | 12.2/185.8 | 12.2/185.8 18.3/232.3 
4.6 <1.5 12.2/185.8 12.2/185.8 |12.2/185.8 |12.2/232.3 |12.2/278.7 | 12.2/185.8 | 12.2/185.8 | 18.3/232.3 | 18.3/232.3 24.5/185.8 
4.6 21.5 12.2/185.8 12.2/185.8 |12.2/185.8 |12.2/278.7 |12.2/322.2 | 12.2/185.8 | 12.2/232.3 | 18.3/278.7 | 18.3/278.7 24.5/278.7 
6.1 <1.5 12.2/185.8 12.2/185.8 (12.2/232.3 |18.3/278.7 |18.3/325.2 | 12.2/185.8 | 18.3/232.3 | 24.5/232.3 | 24.5/232.3 30.6/232.3 
6.1 >1.5 12.2/185.8 12.2/232.3 |12.2/278.7 |18.3/325.2 18.3/371.6| 12.2/232.3 | 18.3/278.7 | 24.5/278.7 | 24.5/278.7 30.6/278.7 
7.6 <1.5 18.3/232.3 18.3/278.7 |18.3/325.2 24.5/232.3 |24.5/278.7 | 18.3/278.7 | 24.5/278.7 | 30.6/232.3 | 30.6/232.3 see Note 1 


Notes: 
(1) Sprinkler protection requirements for tissue stored above 6.1 m have not been determined. 
(2) Densities or areas, or both, shall be permitted to be interpolated between any 1.5 m storage height increment. 
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Table 19.1.2.2 CMSA Sprinklers for the Protection of Roll Paper Storage 
[Number of Sprinklers at Operating Pressure, psi (bar) | 
Heavyweight Mediumweight 
Maximum 
Storage | Building Closed Closed 
Height Height Array Standard Array Open Array Array Standard Array Open Array 
Tissue 
Type Banded Banded All 
Nominal of or or Storage 
ft m ft m | K-Factor |System | Unbanded | Banded | Unbanded | Banded | Unbanded | Unbanded | Banded | Unbanded | Banded | Unbanded | Arrays 
20 | 6.1 | 30 | 9.1 (11.2(160) | Wet 15 @ 15 @ 15 @ 15 @ NA 15 @ 15 @ 15 @ NA NA See Note 
50(3.4) | 50(3.4) | 50(3.4) | 50(3.4) 50(3.4) | 50(3.4) | 50(3.4) 
20 | 6.1 | 30 | 9.1 |11.2(160) | Dry 25 @ 25 @ 25 @ NA NA 25 @ 25 @ 25 @ NA NA NA 
50(3.4) | 50(3.4) | 50(3.4) 50(3.4) | 50(3.4) | 50(3.4) 
26 | 7.9 | 60 |18.3 |11.2(160) | Wet 15 @ 15 @ 15 @ 15 @ NA NA NA NA NA NA NA 
50(3.4) |50(8.4) | 50(3.4) | 50(3.4) 
20 | 6.1 | 30 | 9.1 |16.8(240) | Wet 15 @ 15 @ 15 @ 15 @ NA 15 @ 15 @ 15 @ NA NA See Note 
22(1.5) | 220.5) | 2201.5) | 221.5) 22(1.5) | 221.5) | 22(1.5) 
20 | 6.1 | 30 | 9.1 116.8(240) | Dry 25 @ 25 @ 25 @ NA NA 25 @ 25 @ 25 @ NA NA NA 
22(1.5) 22(1.5) 22(1.5) 22(1.5) 22(1.5) 22(1.5) 
26 | 7.9 | 60 118.3 }16.8(240) | Wet 15 @ 15 @ 15 @ 15 @ NA NA NA NA NA NA NA 
22(1.5) |22(1.5)| 22(1.5) | 22(1.5) 
Note: Base design on 25 AS @ 75 psi (5.2 bar) for K-11.2 (160) sprinklers or 25 AS @ 35 psi (240) for K-16.8 
(240) sprinklers when storage is in closed or standard array, other arrays NA. 
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Table 19.1.2.3 ESFR Sprinklers for the Protection of Roll Paper Storage 
(Maximum Height of Storage Permitted) 
Heavyweight Mediumweight 
Building 
Pressure Height Closed Standard Open Closed Standard Open Tissue 
ESFR System All 
K-Factor Orientation Type psi bar ft m ft m ft m ft m ft m ft m ft m Arrays 
14.0 Upright/ Wet 50 3.4 
(201) Pendent 
16.8 Upright/ Wet 35 2.4 
(242) Pendent 
30 911 25 7.6 25 7.6 25 7.6 25 | 7.6 | 25 7.6 | 25 | 7.6 NA 
22.4 Pendent Wet 25 1.7 
(322) 
25.2 Pendent Wet 15 1.0 
(363) 
14.0 Upright/ Wet 75 5.2 
(201) Pendent 
35 10.7 30 9.1 30 9.1 30 9.1 NA NA NA NA 
16.8 Upright/ Wet 52 3.6 
(242) Pendent 
14.0 Pendent Wet 75 5.2 
(201) 
16.8 Pendent Wet 52 3.6 
(242) 
40 12.2 30 9.1 30 9.1 30 9.1 NA NA NA NA 
22.4 Pendent Wet 40 2.8 
(322) 
25.2 Pendent Wet 25 1:7 
(363) 
22.4 Pendent Wet 50 3.4 
(322) 
45 13.7 | 30 9.1 30 9.1 30 9.1 NA NA NA NA 
25.2 Pendent Wet 50 3.4 
(363) 


Chapter 20 Special Designs of Storage Protection 


20.1 General. The requirements of Chapter 12 shall apply un- 
less modified by this chapter. 


20.2* Plastic Motor Vehicle Components. Plastic automotive 
components and associated packaging material shall be per- 
mitted to be protected in accordance with Table 20.2. 


20.3* Sprinkler Design Criteria for Storage and Display of 
Class I Through Class IV Commodities, Cartoned Non- 
expanded Group A Plastics and Nonexpanded Exposed 
Group A Plastics in Retail Stores. 


20.3.1 A wet pipe system designed to meet two separate de- 
sign points — 0.6 gpm/ft? (24.4 mm/min) density over 
2000 ft? (186 m”) and 0.7 gpm/ft? (28.5 mm/min) density for 
the four hydraulically most demanding sprinklers with 
500 gpm (1900 L/min) hose stream allowance for a 2-hour 
duration — shall be permitted to protect single- and double- 
row slatted shelf racks when the following conditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be 
provided. 

Shelves shall be slatted using a 2 in. (50 mm) thick by 
maximum 6 in. (152 mm) wide slat held in place by spac- 
ers that maintain a minimum 2 in. (50 mm) opening 
between each slat. 


(2) 


There shall be no slatted shelf levels in the rack above 
nominal 12 ft (3.66 m) level. Wire mesh (greater than 
50 percent opening) shall be permitted for shelf levels 
above 12 ft (3.66 m). 
Solid plywood shelving (3% ft x 8 ft 3 in.) (1.07 m by 
2.51 m) shall be permissible over the wood slats at the 
5 ft (1.52 m) level. 
Perforated metal (open area of 40 percent or more) 
shall be permitted over the slatted shelves up to the 
60 in. (1.52 m) level. 
Other than what is allowed in this section, solid plywood 
or similar materials shall not be placed on the slatted 
shelves. 
Solid veneered particleboard displays shall be permis- 
sible, provided that all flues are maintained and only one 
display is installed per bay. 
(8) Maximum roof height shall be 30 ft (9.14 m) in the pro- 
tected area. 

(9) Maximum storage height shall be 22 ft (6.71 m). 
(10) Aisle widths shall be a minimum of 8 ft (2.44 m). 
(11) Minimum transverse flue spaces of 3 in. every 10 ft 
(76 mm every 3.05 m) horizontally shall be provided. 
Minimum longitudinal flue spaces of 6 in. (152 mm) 
shall be provided for double-row racks. 
Storage in the aisle shall be permissible, provided the 
aisle storage is no more than 4 ft (1.22 m) high and a 
minimum clear aisle of 4 ft (1.22 m) is maintained. 
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(4) 


(5) 


(6) 


(7) 


(12) 


(13) 
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Table 20.2 ESFR Sprinkler Design Criteria K-25.2 (360) for Portable Racks 
(Closed Array*) Without Solid Shelves Containing Automotive Components 


Number of Design Maximum 
Maximum Maximum Sprinklers by Deflector 
Maximum Ceiling /Roof Sprinkler Minimum Operating | Distance Below Hose Stream 
Storage Height Height Spacing” Pressure‘ Ceiling“ Allowance Water Supply 
Type of Duration 
Commodity ft m ft m System ft? m? psi bar in. mm gpm | L/min (hours) 
Automotive 25 7.6 35 10.7 Wet 100 9.3 16 at 16 at 18 457 500 1900 2 

components and 37 psi 2.5 bar 
associated 
packaging material 


“Portable rack array shall be tightly nested without any flue spaces. 


Sprinkler spacing can exceed 100 ft? (9.3 m? ) where sprinklers are listed for larger spacing. 

“System hydraulic design shall also be capable of delivering a discharge density of 0.60 gpm/ft” 

(24.4 mm/m)in) over the most hydraulically remote 4000 ft? (372 m?) area. 

“Maximum deflector distance below ceiling shall be permitted to exceed 18 in. (456 mm) where sprinklers 


are listed for greater distances. 


20.3.2 A wet pipe system designed to meet two separate de- 
sign points — 0.425 gpm/ft? (17.3 mm/min) density over 
2000 ft? (186 m”) and 0.50 gpm/ft? (20.4 mm/min) density 
for the four hydraulically most demanding sprinklers with 
500 gpm (1900 L/min) hose stream allowance for a 2-hour 
duration — shall be permitted in solid steel cantilever-style 
retail shelving racks (gondola racks) when the following con- 
ditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be pro- 
vided. 

(2) The storage height shall not exceed 12 ft (3.66 m). 

(3) The ceiling height shall not exceed 22 ft (6.71 m) in the 
protected area. 

(4) Gondola rack structure shall not exceed 48 in. (1.22 m) in 
aggregate depth or 78 in. (1.99 m) in height. 

(5) Aminimum aisle of 5 ft (1.52 m) between storage shall be 
maintained. 

(6) Rack lengths shall be no more than 70 ft (21.3 m). 


20.3.3 A wet system designed to meet two separate design 
points — 0.425 gpm/ft” (17.3 mm/min) density over 2000 ft? 
(186 m?) and 0.50 gpm/ft? (20.4 mm/min) density for the 
four hydraulically most demanding sprinklers with 500 gpm 
(1900 L/min) hose stream allowance for a 2-hour duration — 
shall be permitted in solid steel cantilever-style retail shelving 
racks (gondola racks) when the following conditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be pro- 
vided. 

(2) Storage height shall not exceed 15 ft (4.57 m). 

(3) Ceiling height shall not exceed 25 ft (7.62 m) in the pro- 
tected area. 

(4) Gondola rack structure shall not exceed 60 in. (1.52 m) in 
aggregate depth or 8 ft (2.44 m) in height. 

(5) A perforated metal deck at the 8 ft (2.44 m) level shall be 
permissible with storage placed on top with or without flue 
spaces to a maximum height from floor of 15 ft (4.57 m). 

(6) Rack lengths shall not exceed 70 ft (21.3 m). 

(7) Aminimum aisle space of 6 ft (1.83 m) shall be provided. 


20.3.4 A wet pipe system designed to meet two separate 
design points — 0.45 gpm/ft? (17.3 mm/min) density over 
2000 ft” (186 m”) and 0.55 gpm/ft? (22.4 mm/min) density 
for the four hydraulically most demanding sprinklers with 
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500 gpm (1900 L/min) hose stream allowance for a 2-hour 
duration — shall be permitted without the use of in-rack 
sprinklers when the following conditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be pro- 
vided. 

(2) Storage height shall not exceed 15 ft (4.57 m). 

(3) Ceiling height shall not exceed 25 ft (7.62 m). 

(4) Shelving structure shall not exceed 48 in. (1.22 mm) 
aggregate depth or 12 ft (3.66 m) in height. 

(5) Shelving shall be permitted to be made of solid particle- 
board. 

(6) A minimum aisle space of 3 ft (914 mm) shall be main- 
tained. 

(7) Shelving length shall be a maximum of 70 ft (21.3 m). 


20.3.5 A wet pipe system designed to meet two separate de- 
sign points — 0.38 gpm/ft? (15.5 mm/min) density over 
2000 ft? (186 m?) and 0.45 gpm/ft? (17.3 mm/min) density 
for the four hydraulically most demanding sprinklers with 
500 gpm (1900 L/min) hose stream allowance for a 2-hour 
duration — shall be permitted without the use of in-rack sprin- 
klers in steel retail sales floor shelving racks where the follow- 
ing conditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be pro- 
vided. 

(2) Storage height shall not exceed 14 ft (4.27 m). 

(3) Ceiling height shall not exceed 20 ft (6.1 m). 

(4) Solid metal shelving shall be permissible up to the 72 in. 
(1.83 mm) level and wire shelving shall be permissible up 
to the 10 ft (3.05 m) level. 

(5) The solid metal shelving shall not exceed 66 in. (1.68 m) 
in aggregate depth with a 6 in. (152 mm) longitudinal 
flue between two 30 in. (762 mm) deep shelves. 

(6) Aminimum aisle space of 5 ft (1.52 m) shall be maintained. 

(7) Aminimum longitudinal flue of 6 in. (152 mm) shall be 
maintained. 

(8) Rack length shall be a maximum of 70 ft (21.3 m). 


20.3.6 A wet pipe system designed to meet two separate de- 
sign points — 0.49 gpm/ft? (20 mm/min) density over 
2000 ft? (186 m”) and 0.55 gpm/ft? (22.4 mm/min) density 
for the four hydraulically most demanding sprinklers with 
500 gpm (1900 L/min) hose stream allowance for a 2-hour 
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duration — shall be permitted without the use of in-rack sprin- 
klers in retail solid shelved steel rack structure when the fol- 
lowing conditions are met: 


(1) An extended coverage sprinkler with a nominal K-factor 
of K-25.2 (360) listed for storage occupancies shall be pro- 
vided. 

(2) Storage height shall not exceed 16.5 ft (5.03 m). 

(3) Ceiling height shall not exceed 22 ft (6.71 m). 

(4) Shelving structure shall not exceed 51 in. (1.3 m) aggre- 
gate depth or 148 in. (3.76 m) in height. 

(5) The intersection of perpendicular steel racks shall be per- 
missible as long as no storage is placed within the void 
space at the junction of the racks. 

(6) The top shelf shall be wire mesh. 

(7) A minimum aisle width of 4 ft (1.22 m) shall be main- 
tained between shelf units and other displays. 


20.3.7 A sprinkler system with K-25.2 (360) ESFR sprinklers 
operating at a minimum pressure of 15 psi (1 bar) shall be 
permitted to protect single- and double-row racks with solid 
displays without the use of in-rack sprinklers in retail sales 
floor where the following conditions are met: 


(1) Storage height shall not exceed 20 ft (6.1 m). 

(2) Solid veneered particleboard/plywood displays shall be 
permissible, provided that all flues are maintained and 
only one display is installed per bay. 

(3) Asingle display shall be permitted to have one or two solid 
horizontal or slanted members, and a solid back. 

(4) Maximum roof height shall be 30 ft (9.14 m) in the pro- 
tected area. 

(5) Aisle widths shall be a minimum of 6 ft (1.8 m). 

(6) Minimum transverse flue spaces of 3 in. every 10 ft 
(76 mm every 3.05 m) horizontally shall be provided. 

(7) Minimum longitudinal flue spaces of 6 in. (152 mm) shall 
be provided for double-row racks. 


20.4 Protection of Baled Cotton Storage. 


20.4.1 General. The requirements of Chapter 12 shall apply 
unless modified by this chapter. 


20.4.1.1 The total water supply available shall be sufficient 
to provide the recommended sprinkler discharge density 
over the area to be protected, plus a minimum of 500 gpm 
(1900 L/min) for hose streams. 


20.4.1.2 Water supplies shall be capable of supplying the 
total demand for sprinklers and hose streams for not less 
than 2 hours. 


20.4.2 Control Mode Density/Area Sprinkler Protection Crite- 
ria for Baled Cotton Storage. 


20.4.2.1 For tiered or rack storage up to a nominal 15 ft 
(4.6 m) in height, sprinkler discharge densities and areas of 
application shall be in accordance with Table 20.4.2.1. 


20.4.2.2 Where roof or ceiling heights would prohibit storage 
above a nominal 10 ft (3.1 m), the sprinkler discharge density 
shall be permitted to be reduced by 20 percent of that indi- 
cated in Table 20.4.2.1 but shall not be reduced to less than 
0.15 gpm/ft? (6.1 mm/min). 


20.5 Sprinkler Protection of Carton Records Storage with 
Catwalk Access. 


20.5.1 Carton records storage shall be permitted to be pro- 
tected in accordance with the succeeding subsections of this 
Section 20.5. 


Table 20.4.2.1 Baled Cotton Storage Up to and 
Including 15 ft (4.6 m) 


Discharge Density (gpm/ft?) per Area (ft?) 


Tiered Untiered 

System Type Storage Rack Storage Storage 
Wet 0.25/3000 0.33/3000 0.15/3000 
Dry 0.25/3900 0.33/3900 0.15/3900 


20.5.2 Carton records storage shall be permitted to be sup- 
ported on shelving that is a minimum of 50 percent open from 
approved flue space to approved flue space. 


20.5.2.1 Transverse flue spaces of a nominal 6 in. (152.4 mm) 
width shall be located at each rack upright. 


20.5.2.2 Rack uprights shall be installed on a maximum of 
10 ft 6 in. (3.2 m) centers. 


20.5.2.3 Longitudinal flues are not required. 


20.5.3 The storage rack structure for carton records storage 
shall consist of either of the following: 


(1) Asingle-row rack not greater than 72 in. (1.8 m) deep 
(2) Double-row racks having a total depth of not greater than 
102 in. (2.6 m) aisle to aisle 


20.5.3.1 Each storage rack shall be separated from other stor- 
age racks by aisles that are not less than 30 in. (0.75 m) and not 
more than 36 in. (0.9 m) in width. 


20.5.3.2 Aisles used for ingress and egress shall be permitted 
to be up to 44 in. (1.1 m) wide when solid decking is used. 


20.5.4 Catwalk aisles between racks shall be constructed of 
open metal grating that is at least 50 percent open. 


20.5.4.1 Catwalk aisles at the ends of racks shall be permitted 
to be constructed of solid materials. 


20.5.5 Catwalks shall be installed at a maximum of 12 ft (3.7 m) 
apart vertically. 
20.5.6 Sprinkler Criteria. 


20.5.6.1 Cartoned record storage in racks with access utilizing 
catwalks shall be protected in accordance with this subsection. 


20.5.6.2 The design criteria for the ceiling sprinkler system 
shall be in accordance with Table 20.5.6.2. 


20.5.6.2.1 Ceiling sprinklers spaced to cover a maximum of 
100 ft? (9.3 m?) shall be standard-response spray sprinklers 
with K-factors per Section 12.6. 


20.5.6.3 Intermediate-level sprinklers shall be installed at 
each catwalk level in accordance with 20.5.6.3.1 through 
20.5.6.3.4 and shall be quick-response, ordinary temperature, 
nominal K-5.6 (80), K-8.0 (115), or K-11.2 (160). 


20.5.6.3.1 Intermediate-level sprinklers shall be installed in the 
center +4 in. (102 mm) of each aisle below each catwalk level. 


20.5.6.3.2 Intermediate-level sprinklers shall be installed a 
minimum 6 in. (150 mm) above the top of storage. 


20.5.6.3.3 Sprinklers shall be supplied from the in-rack sprin- 


kler system. 
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Table 20.5.6.2 Ceiling Sprinkler Design Criteria for Carton 
Record Storage 


Up to 25 ft high Over 25 ft high 
Storage Storage 
Ordinary | High Ordinary | High 
Temp Temp Temp Temp 
Density 
(gpm/ ft?) 0.33 0.29 0.3 0.4 
Area (ft?) 2000 2000 2000 2000 
Hose Allowance 
(gpm) 500 500 500 500 
Duration 
(hours) 2 2 2 2 


For SI units, 1 gpm/ft? = 40.746 mm/min; 1 ft? = 0.09 m4 1 gpm = 
3.785 L/min. 


20.5.6.3.4 Spacing of sprinklers within the aisles shall be lo- 
cated so as to align with the transverse flues and the center of 
the storage unit when staggered and shall not exceed 10 ft 
6 in. (3.2 m) on center. 


20.5.6.3.5* Sprinklers installed below each catwalk level shall be 
staggered vertically and horizontally. [See Figure A.20.5.6.3.5(a) 
and Figure A.20.5.6.3.5(b).] 


20.5.6.4 In-rack sprinklers shall be installed in the transverse 
flues at each catwalk level and shall be staggered vertically. 


20.5.6.4.1 Sprinklers installed in the transverse flues shall be 
located not less than 18 in. (0.46 m) but not greater than 24 in. 
(0.61 m) from the face of the rack. 


20.5.6.4.2 In-rack sprinklers shall be installed a minimum 
6 in. (150 mm) above the top of storage. 


20.5.6.4.3 Transverse flue sprinklers shall be quick-response, 
ordinary temperature, nominal K-5.6 (80), K-8.0 (115), or K-11.2 
(160) and installed in accordance with Figure A.20.5.6.3.5(a) 
and Figure A.20.5.6.3.5(b). 


20.5.6.5 For multi-level catwalk systems, a minimum of 10 sprin- 
klers, five on each of the top two levels, shall be calculated with a 
minimum flow rate of 30 gpm (113.6 L/min) per sprinkler. Cal- 
culated sprinklers shall be the hydraulically most demanding on 
each level. 


20.5.6.5.1 For single-level catwalks, a minimum of 6 sprin- 
klers shall be calculated with a minimum flow rate at 30 gpm 
(113.6 L/min) per sprinkler. Calculated sprinklers shall be 
the hydraulically most demanding. 


20.5.6.5.2 The in-rack sprinkler system shall be balanced in 
with the ceiling system. 


20.6 Compact Storage of Commodities Consisting of Paper 
Files, Magazines, Books, and Similar Documents in Folders 
and Miscellaneous Supplies with No More Than 5 Percent 
Plastics up to 8 ft (2.44 m) High. 


20.6.1 Compact storage modules up to 8 ft (2.44 m) high 
storing commodities consisting of paper files, magazines, 
books, and similar documents in folders and miscellaneous 
supplies with no more than 5 percent plastics shall be permit- 
ted to be classified as light hazard. 
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20.6.2 The top of the compact storage module shall be at 
least 18 in. (457 mm) below the sprinkler deflector. 


20.6.3 Sprinklers shall be ordinary temperature, quick- 
response, standard spray upright or pendent. 


20.6.4 The compact storage module shall be provided with 
minimum solid steel 24 gauge metal longitudinal barriers in- 
stalled every third carriage. 


20.6.5* Solid 24 gauge metal transverse barriers shall be 
spaced not more than 4 ft (1.2 m) apart. 


20.6.6 Compact storage module sizes shall not exceed 250 ft? 
(23.2 me). 


20.6.6.1 The size of a module shall be defined as the area of 
compact storage bound by the length of the carriages times 
the distance between longitudinal barriers or to the outward 
edge of a fixed storage unit in the module, including the width 
of the aisle in the module. 


20.6.6.2 The lengths of the carriages shall be measured to the 
end of the carriages enclosed by solid metal transverse panels 
and separated by a minimum 28 in. (0.7 m) aisle to a storage 
unit perpendicular to the carriage. 


20.7 Protection of High Bay Records Storage. 


20.7.1* Mobile High Bay Records Storage. The requirements 
in this section shall be permitted to apply to ceiling-only sprin- 
kler protection of paper products including paper files, maga- 
zines, books, and similar paper documents in corrugated con- 
tainers either closed or open top, to include corrugated totes, 
with no more than 5 percent plastics stored in mobile shelving 
units greater than 12 ft (3.7 m) and up to 34 ft (10.4 m) high 
and up to 30 shelving units (storage tiers) high, when the 
shelving unit structure meets all of the requirements in 20.7.3. 


20.7.2 Fixed High Bay Records Storage. High bay record stor- 
age shall be permitted to be fixed in place when meeting the 
limitations of 20.7.1 and 20.7.3. 


20.7.3 Awet pipe sprinkler system with nominal K-25.2 (360) 
ESFR sprinklers operating at a minimum of 40 psi (2.8 bar) 
shall be provided. The shelving units shall be subject to the 
following limitations: 


(1) Back-to-back storage shelving units each no greater than 
36 in. (914 mm) deep separated by longitudinal flue 
space not less than 6 in. (152 mm) wide. 

(2) Solid steel shelving units not exceeding 54 in. 
(1372 mm) wide separated by steel barriers mechani- 
cally fastened to upright steel framing that forms a trans- 
verse flue space not less than 3 in. (76 mm) wide. 

(3) Upright steel framing shall not completely block trans- 
verse flue space between adjacent shelving units. 

(4) Noncombustible shelving back stops and side shelf sup- 
ports, also referred to as side box guides, projecting not 
less than 3 in. (76 mm) above the shelves and that pre- 
vent stored commodities from encroaching into trans- 
verse and longitudinal flue spaces. 

(5) Solid steel shelving not greater than 18 in. (457 mm) on 
centers vertically. 

(6) Solid steel tops over top shelving units except at tops of 
transverse and longitudinal flue spaces. 

(7) Open-ended, hollow tubular steel vertical (upright) 
shelving columns at top of shelving system. 
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(8) Shelving system framing and power tracks not exceeding 
3 in. (76 mm) in width and not less than 1 ft (0.305 m) 
on centers and not less than 6 in. (152 mm) below sprin- 
kler deflectors. 

(9) Minimum clearance of 36 in. (914 mm) above top solid 
steel cover over top storage shelf to the sprinkler deflector. 

(10) Mobile shelving systems arranged to shift automatically 
to a uniform nominal 6 in. (152 mm) clearance clear 
space between mobile carriages supporting back-to-back 
shelving units. Systems shall be arranged to initiate the 
shifting 60 seconds after activation of ceiling-mounted 
smoke detectors or upon sprinkler flow, whichever is 
first. Shelving system carriage electrical motors shall be 
listed and integral to the mobile carriage systems for nor- 
mal functions and shall not be required to have emer- 
gency power back-up. 


Chapter 21 Special Occupancy Requirements 


21.1 General. 
21.1.1 Application. 


21.1.1.1 In addition to the requirements of Chapter 8, Chap- 
ters 11 through 21, and Chapter 22, the following special oc- 
cupancy requirements shall apply. 


21.1.1.1.1 All provisions of design criteria in this standard, 
including design area increases and reductions, shall also ap- 
ply to these special occupancy requirements. 


21.1.1.2 Where the requirements of the reference standard 
differ from the requirements of this standard, the reference 
standard shall take precedence. 


21.1.2 Definitions. For terms not defined in Chapter 3, the 
definitions of the reference standard shall apply. 


21.2 Flammable and Combustible Liquids. 


21.2.1 Design Requirements. Sprinkler system discharge crite- 
ria for the protection of flammable and combustible liquids shall 
comply with NFPA 30, Flammable and Combustible Liquids Code. 


21.2.2 Installation Requirements. (Reserved) 
21.3 Aerosol Products. 


21.3.1 Design Reguirements. Sprinkler system discharge crite- 
ria for the protection of aerosol products shall comply with 
NFPA 30B, Code for the Manufacture and Storage of Aerosol Products. 


21.3.2 Installation Requirements. (Reserved) 


21.4 Spray Application Using Flammable or Combustible 
Materials. 


21.4.1 Design Requirements. 


21.4.1.1* The automatic sprinkler system shall be a wet pipe 
system, a dry pipe system, a preaction system, or an open-head 
deluge system, whichever is most appropriate for the portion 
of the spray operation being protected. [33:9.4.1] 


21.4.1.2 The automatic sprinkler system shall be designed for 
Extra Hazard (Group 2) occupancies as defined in NFPA 13. 


Exception No. 1: For spray application of styrene cross-link thermoset 
resins, Section 17.3 of NFPA 33 shall apply. 


Exception No. 2: Automatic sprinkler systems for powder coating op- 
erations shall be designed for Ordinary Hazard (Group 2), as defined 
in NFPA 13, Standard for the Installation of Sprinkler Systems. 
[33:9.4.2] 


21.4.1.3 The water supply shall be sufficient to supply all 
sprinklers likely to open in any one fire incident without de- 
pleting the available water for use in hose streams. [33:9.4.3] 


21.4.1.4 Where sprinklers are installed to protect spray areas 
and mixing rooms only, water shall be permitted to be sup- 
plied from domestic water systems provided the domestic sup- 
ply can meet the design criteria of 21.4.1.2. [33:9.4.4] 


21.4.1.5 The sprinkler system shall be controlled by a separate, 
listed indicating valve(s), operable from the floor. [33:9.4.5] 


21.4.1.6 Automated liquid electrostatic spray application 
equipment that is unlisted shall be protected further by the 
following: 


(1) In addition to meeting the requirements in 9.8.1 of 
NFPA 33, the optical flame detection system shall also ac- 
tivate one of the following over each zone in which fire 
has been detected: 

(a) An open head deluge system designed to discharge a 
minimum density of 24.4 mm/min (0.6 gpm/ft’) 

(b) Acarbon dioxide extinguishing system 

(c) Adry chemical extinguishing system 

(d) A gaseous agent extinguishing system [33:9.8.2(1) ] 


21.4.1.7 A wet pipe sprinkler system shall also be provided 
throughout the spray booth. This system shall meet all the 
applicable requirements of NFPA 13 for Extra Hazard 
(Group 2) occupancies. [33:9.8.2(3) ] 


21.4.2 Installation Requirements. 


21.4.2.1* Sprinkler systems protecting stacks or ducts shall 
meet all of the following requirements: 


(1) Sprinklers shall be spaced no more than 3.7 m (12 ft) apart. 

(2) If exhaust ducts are manifolded, a sprinkler shall be lo- 
cated in the manifold at the junction of each exhaust duct 
with the manifold. 

(3) Sprinklers shall provide a minimum flow of 114 L/min 
(30 gpm) per head at a minimum of 1 bar (15 psi) pressure. 

(4) Sprinklers shall be ordinary temperature rated, unless re- 
quired to be higher due to operating temperatures mea- 
sured in the ducts, in which case the operating temperature 
shall be at least 28°C (50°F) above the inside temperature of 
the duct. [33:9.4.6] 


21.4.2.1.1 Stacks and exhaust ducts shall be provided with 
access openings for inspection and cleaning of sprinklers. 
[33:9.4.6.1] 


21.4.2.1.2 Sprinkler systems protecting stacks and ducts that 
are subject to freezing shall be of a nonfreezing type or be a 
manually controlled open-head system. [33:9.4.6.2] 


21.4.2.2 Sprinklers shall be protected against overspray resi- 
due, either by location or covering, so that they will operate 
quickly in event of fire. [33:9.4.7] 


21.4.2.2.1 Sprinklers shall be permitted to be covered only by 
cellophane bags having a thickness of 0.08 mm (0.003 in.) or 
less or by thin paper bags. These coverings shall be replaced 
frequently so that heavy deposits of residue do not accumu- 
late. [33:9.4.7.1] 
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21.4.2.2.2 Sprinklers that have been painted or coated by 
overspray or residues shall be replaced with new sprinklers. 
[33:9.4.7.2] 


21.5 Solvent Extraction Plants. 
21.5.1* Design Requirements. 
21.5.2 Installation Requirements. (Reserved) 


21.6 Installation and Use of Stationary Combustion Engines 
and Gas Turbines. 


21.6.1* Design Requirements. Automatic sprinkler systems 
shall be designed to provide for a density of 0.3 gpm/ ft” 
(12.2 L/min/m”) over the most remote 2500 ft? (230 m?). 
(37:11.4.5.1) 


21.6.2 Installation Reguirements. 


21.6.2.1 Sprinklers shall be spaced at a 100 ft? (9 m°) maxi- 
mum. [37:11.4.5.1.1] 


21.6.2.2 System coverage shall be provided to all areas within 
the enclosure located within 20 ft (6 m) of the engine, lubri- 
cating oil system, or fuel system. [37:11.4.5.1.2] 


21.6.2.3 Sprinklers and water spray nozzles shall not be di- 
rected at engine components that are susceptible to thermal 
shock or deformation. [37:11.4.5.2] 


21.7 Nitrate Film. 
21.7.1 Design Requirements. 


21.7.1.1 Every room, except projection booths and rewind- 
ing rooms, where nitrate film is stored or handled in quanti- 
ties greater than 51 lb (23 kg), or 10 standard rolls, shall be 
protected by an automatic sprinkler system that is designed in 
accordance with the requirements for Group II extra hazard 
occupancies. [40:5.1.2] 


21.7.1.2 Water supplies for automatic sprinklers shall be 
based on 20 gpm (1.26 L/sec) per sprinkler for 20 minutes for 
the total number of sprinklers in one vault plus 25 percent of 
the sprinklers in the communicating fire area. [40:5.2.2] 


21.7.2 Installation Requirements. 


21.7.2.1 In areas or rooms where nitrate film is handled, the 
area that is protected per sprinkler head shall not exceed 
64 ft? (6 m?) with sprinklers and branch lines not being more 
than 8 ft (2.4 m) apart. [40:5.1.4] 


21.7.2.2 Cabinet Protection. [40:6.2.5] 


21.7.2.2.1 Cabinets having a capacity of more than 34 kg 
(75 lb), or 15 standard rolls, of film shall be provided with 
at least one automatic sprinkler head. [40:6.2.5.1] 


21.7.2.222 Where cans are stored on more than one shelf, as 
shown in Figure 21.7.2.2.2 and as described in 6.2.6.2 or 
6.2.6.3 of NFPA 40, Standard for the Storage and Handling of Cel- 
lulose Nitrate Film, one sprinkler shall be provided for each 
shelf. [40:6.2.5.2] 


21.7.2.3* Vaults Other Than Extended Term Storage Vaults. 
[40:6.3] (See Figure A.21.7.2.3.) 


21.7.2.3.1 Sprinkler protection utilizing regular automatic 
sprinklers or open sprinklers shall be calculated on the basis 
of one sprinkler for each 62.5 ft? (1.8 m?) of the interior vault 
volume. [40:6.3.7.1] 
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21.7.2.3.2 The minimum number of sprinklers for a standard 
750 ft? (21 mË) vault shall be not less than 12. [40:6.3.7.2] 


21.7.2.3.3* Sprinklers or nozzles shall be arranged to provide 
coverage over the tops and fronts of shelves. [40:6.3.7.3] 


21.7.2.3.4 Where automatic sprinklers are used, barriers 
made of No. 24 U.S. gauge sheet steel or other acceptable 
noncombustible material shall be installed between each 
sprinkler. Barriers shall be fastened rigidly in place and shall 
extend from the ceiling down to 4 in. (10 cm) below the sprin- 
kler deflectors. [40:6.3.7.4] 


21.7.2.4 Extended Term Storage Vaults. See Figure 21.7.2.4. 


21.7.2.4.1 Sprinklers shall be provided in a ratio of one head 
for each 63.6 ft? (1.8 mP) of vault volume. 


Exception: Sprinkler systems in existing extended term storage vaults 
that were in compliance with the provisions of NFPA 40, Standard for 
the Storage and Handling of Cellulose Nitrate Film, at the time of 
installation shall be permitted to be continued in use. [40:6.5.6.1] 


21.7.2.4.2 The minimum number of sprinkler heads for a 
1000 ft? (28 më) vault shall be 15 sprinklers. 


Exception: Sprinkler systems in existing extended term storage vaults 
that were in compliance with the provisions of NFPA 40, Standard for 
the Storage and Handling of Cellulose Nitrate Film, at the time of 
installation shall be permitted to be continued in use. [40:6.5.6.2] 


21.7.2.4.3 Directional sprinkler heads that will provide cover- 
age into the face of the shelves shall be provided. [40:6.5.6.3] 


21.7.2.5 Motion Picture Film Laboratories. In all cases, sprin- 
klers shall be arranged so that not more than two machines 
are protected by any one sprinkler head. [40:9.2.5.2] 


21.8 Laboratories Using Chemicals. 


21.8.1 Design Requirements. An automatic sprinkler system 
protection shall be required for all new laboratories in accor- 
dance with the following: 


(1) Automatic sprinkler system protection for Class A and 
Class B laboratories shall be in accordance with ordinary 
hazard (Group 2) occupancies. 

(2) Automatic sprinkler system protection for Class C and 
Class D laboratories shall be in accordance with ordinary 
hazard (Group 1) occupancies. [45:6.2.1.1] 


21.8.2 Installation Requirements. (Reserved) 


21.9 Oxygen-Fuel Gas Systems for Welding, Cutting, and 
Allied Processes. 


21.9.1 Design Requirements. 


21.9.1.1 The total gas capacity of nonliquefied flammable gas 
(e.g., acetylene) shall be permitted to be increased to 56.6 m? 
(2000 ft?) per control area under one of the following condi- 
tions: 


(1) In cylinder storage areas that are protected by an automatic 
sprinkler system and water supply designed in accordance 
with NFPA 13, furnishing a sprinkler discharge density of at 
least (10 L/min) /m? [(0.25 gal/min) /ft?] over a minimum 
operating area of at least 279 m? (3000 ft?) with sprinklers 
located not more than 6.1 m (20 ft) above the floor where 
the cylinders are stored. 

(2) In cylinder storage areas that are protected by an auto- 
matic water spray fixed system of equal density, designed 
in accordance with NFPA 15, Standard for Water Spray Fixed 
Systems for Fire Protection. [51:4.3.2] 
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Vent flue is equivalent to No.18 U.S. gauge riveted steel. When inside 
building, it is to be covered with 1 in. (2.5 cm) of insulating material. 
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FIGURE 21.7.2.2.2 Standard Film Cabinet for Other Than Extended Term Storage Film. 
[40:Figure 6.2.1] 
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FIGURE 21.7.2.4 Extended Term Storage Vault. [40:Figure A.6.5] 
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21.9.1.2 Oxygen cylinders connected to one manifold shall 
be limited to a total gas capacity of 42.5 m? (1500 ft). Two 
such manifolds with connected cylinders shall be permitted to 
be located in the same room, provided the building is pro- 
tected throughout with an approved automatic sprinkler sys- 
tem designed in accordance with NFPA 13, furnishing a sprin- 
kler discharge density of at least (10 L/min) /m? [(0.25 gal/ 
min)/ft?] over a minimum operating area of at least 279 m° 
(3000 ft?) with sprinklers located not more than 6.1 m (20 ft) 
above the floor where the manifolds are located. [51:5.2.3] 


21.9.2 Installation Requirements. 


21.9.2.1 In buildings protected by an automatic sprinkler sys- 
tem and water supply designed in accordance with NFPA 13, 
Standard for the Installation of Sprinkler Systems, for an ordinary 
hazard or more hazardous occupancy, where the occupancy 
other than the cylinder storage is not more hazardous than 
ordinary hazard as defined in NFPA 13, the distance between 
storage areas shall be permitted to be reduced to 15.2 m 
(50 ft). If the occupancy in such protected buildings between 
the storage areas is free of combustible material, the distance 
shall be permitted to be reduced to 7.6 m (25 ft). [51:4.3.3] 


21.10 Acetylene Cylinder Charging Plants. 
21.10.1 Design Requirements. 


21.10.1.1 When sprinkler protection is provided, the area in 
which flammable compressed gases are stored or used shall be 
protected with a sprinkler system designed to be not less than 
that required by NFPA 13 for Extra Hazard Group 1 with a 
minimum design area of 2500 ft? (232.26 m°). [51A:11.2.1.2] 


21.10.2 Installation Requirements. (Reserved) 


21.11 Storage, Use, and Handling of Compressed Gases and 
Cryogenic Fluids in Portable and Stationary Containers, Cylin- 
ders, and Tanks. 


21.11.1 Design Criteria. 


21.11.1.1 When sprinkler protection is provided for areas in 
which compressed gases or cryogenic fluids are stored or used, 
the system shall be designed for ordinary hazard, Group 2, witha 
minimum design area of 3000 ft? (278.7 m°). [55:6.10.2.1] 


21.11.1.2 When sprinkler protection is provided for areas in 
which the flammable or pyrophoric compressed gases or cryo- 
genic fluids are stored or used, the system shall be designed 
for extra hazard, Group 1, with a minimum design area of 
2500 ft? (232.25 m°). [55:6.10.2.2] 


21.11.2 Installation Requirements. (Reserved) 
21.12 Utility LP-Gas Plants. 
21.12.1 Design Requirements. 


21.12.1.1 The design of fire water supply and distribution 
systems, if required by NFPA 59, Utility LP-Gas Plant Code, shall 
provide for the simultaneous supply of those fixed fire protec- 
tion systems involved in the maximum single incident ex- 
pected in the plant, including monitor nozzles, at their design 
flow and pressure. [59:13.4.2] 


21.12.1.2 An additional supply of 1000 gal/min (63 L/sec) 
shall be available for hand hose streams for a period of not less 
than 2 hours. [59:13.4.2.1] 


21.12.1.3 Manually actuated monitors shall be permitted to 
be used to augment hand hose streams. [59:13.4.2.2] 
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21.12.2 Installation Requirements. (Reserved) 


21.13 Production, Storage, and Handling of Liquefied Natu- 
ral Gas (LNG). 


21.13.1 Design Requirements. The fire water supply and dis- 
tribution systems, if required by NFPA 59A, Standard for the 
Production, Storage, and Handling of Liquefied Natural Gas (LNG), 
shall simultaneously supply water to fixed fire protection sys- 
tems, including monitor nozzles, at their design flow and pres- 
sure, involved in the maximum single incident expected in the 
plant plus an allowance of 1000 gpm (63 L/sec) for hand hose 
streams for not less than 2 hours. [59A:12.5.2] 


21.13.2 Installation Requirements. (Reserved) 

21.14 Protection of Information Technology Equipment. 
21.14.1 Design Requirements. (Reserved) 

21.14.2 Installation Requirements. 


21.14.2.1* Information technology equipment rooms and in- 
formation technology equipment areas located in a sprin- 
klered building shall be provided with an automatic sprinkler 
system. (75:8.1.1) 


21.14.2.2 Sprinkler systems protecting information technol- 
ogy equipment areas shall be valved separately from other 
sprinkler systems. [75:8.1.3] 


21.14.2.3* Either an automatic sprinkler system, carbon diox- 
ide extinguishing system, or inert agent fire extinguishing sys- 
tem for the protection of the area below the raised floor in a 
information technology equipment room or information 
technology equipment area shall be provided. [75:8.1.1.2] 


21.15 Standard on Incinerators, and Waste and Linen Han- 
dling Systems and Equipment. 


21.15.1 Design Requirements. (Reserved) 
21.15.2 Installation Requirements. 


21.15.2.1 Automatic sprinklers shall be provided in incinera- 
tor rooms. [82:4.2.7.3] 


21.15.2.2* Waste and Linen Chutes and Transport Systems. 
[82:5] 


21.15.2.2.1 Gravity Waste or Linen Chutes. [82:5.2] 


21.15.2.2.1.1 Gravity chutes shall be protected internally by 
automatic sprinklers unless they are lined in accordance with 
5.2.2.6.1 in NFPA 82. [82:5.2.2.6.2; 82:5.2.6.1.1] 


21.15.2.2.1.2 This protection requires that a sprinkler be in- 
stalled at or above the top service opening of the chute. 
[82:5.2.6.1.2] 


21.15.2.2.1.3 Chute Sprinkler Protection. Automatic sprin- 
klers installed in gravity chute service openings shall be re- 
cessed out of the chute area through which the material trav- 
els. [82:5.2.6.1.3] 


21.15.2.2.1.4 In addition, a sprinkler shall be installed within 
the chute at alternate floor levels in buildings over two stories 
in height, with a mandatory sprinkler located at the lowest 
service level. [82:5.2.6.1.4] 


21.15.2.2.1.5 Chute Room Automatic Sprinklers. Automatic 
sprinklers shall be installed in chute terminal rooms. [82:5.2.7.2] 


21.15.2.2.2 Full Pneumatic Waste and Linen Conveying Sys- 
tems. [82:5.3] 
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21.15.2.2.2.1 Full pneumatic-type risers shall be protected in- 
ternally by automatic sprinklers. [82:5.3.4.1] 


21.15.2.2.2.2 A sprinkler shall be required at or above the top 
loading station and at alternate floor levels in buildings over 
two stories in height, with a mandatory sprinkler located at the 
lowest loading station. [82:5.3.4.2] 


21.15.2.2.2.3 Sprinklers shall be recessed out of the station 
area through which the material travels. [82:5.3.4.3] 


21.15.2.2.3 Gravity Pneumatic Trash or Linen Conveying Sys- 
tems. [82:5.4] 


21.15.2.2.3.1 Chute Automatic Sprinklers. Where material is 
to be stored at the bottom of the chute and above the riser 
discharge damper (above the transport tee), automatic sprin- 
klers shall be installed below the last service door on the chute. 
[82:5.4.2.3] 


21.15.2.2.3.2 Automatic sprinklers shall be installed in chute 
discharge rooms. [82:5.4.2.4.3] 


21.15.2.3 Waste Handling Systems. 


21.15.2.3.1 Automatic sprinklers shall be installed in rooms 
where waste handling systems and equipment are used to 
transport waste from interim storage areas to waste processing 
equipment, such as incinerators. [82:6.4.1] 


21.15.2.3.2 In locations or rooms where waste handling sys- 
tems and equipment are used for interim storage of waste 
only, the rooms shall be sprinklered in accordance with re- 
quirements specified in 21.15.2.4. [82:6.4.2] 


21.15.2.4 Waste Compactors. [82:7] 


21.15.2.4.1 All chute-fed compactors shall have an automatic 
sprinkler with a minimum K-5.6 (80) orifice installed in the 
hopper of the compactor. [82:7.2.1] 


21.15.2.4.2 Sprinklers shall be ordinary temperature-rated 
sprinklers. [82:7.2.1.1] 


21.15.2.4.3 Sprinklers shall be supplied by a minimum of 
l-inch ferrous piping or -inch copper tubing line from the 
domestic cold water supply or by the building fire protection 
system. [82:7.2.1.2] 


21.15.2.4.4 Sprinkler water pipe shall be protected from 
freezing in outdoor installations. [82:7.2.1.3] 


21.15.2.4.5 Hand-fed compactors located within a building 
and not operated in conjunction with a chute shall not require 
installation of an automatic sprinkler in the hopper. [82:7.2.2] 


21.15.2.5 Waste storage rooms shall be provided with auto- 
matic sprinklers. [82:8.3] 


21.15.2.6 Rooms in which waste processing equipment is lo- 
cated shall be installed with automatic sprinklers. [82:9.4.1] 


21.16 Standard for Ovens and Furnaces. 
21.16.1 Design Requirements. (Reserved) 
21.16.2 Installation Requirements. 


21.16.2.1* Where automatic sprinklers are provided, they 
shall be installed in accordance with NFPA 13, unless other- 
wise permitted by 21.16.2.2. [86:14.2.1] 


21.16.2.2 Where sprinklers that protect ovens only are in- 
stalled and connection to a reliable fire protection water sup- 
ply is not feasible, a domestic water supply connection shall be 


permitted to supply these sprinklers subject to the approval of 
the authority having jurisdiction. [86:14.2.2] 


21.16.2.3 Where sprinklers are selected for the protection of 
ovens, furnaces, or related equipment, the use of closed-head 
sprinkler systems shall be prohibited and only deluge sprin- 
kler systems shall be used where the following condition exist: 


(1) In equipment where temperatures can exceed 625°F 
(329°C) 
(2) Where flash fire conditions can occur 


[86:14.3.3] 


21.16.2.4 Furnaces shall be located so as to minimize expo- 
sure to sprinkler risers. [86:5.1.3.1] 


21.16.2.5 Where water from a fixed protection system could 
come in contact with molten materials, such as molten salt or 
molten metal, shielding shall be provided to prevent water 
from contacting the molten material. [86:14.3.1] 


21.16.2.6* Galvanized pipe shall not be used in sprinkler or 
water spray systems in ovens, furnaces, or related equipment. 
[86:14.3.2] 


21.17 Class A Hyperbaric Chambers. 
21.17.1 Design Requirements. 


21.17.1.1 A fixed water deluge extinguishing system shall be 
installed in all chamber compartments that are designed for 
manned operations. [99:20.2.5.2] 


21.17.1.2 In chambers that consist of more than one cham- 
ber compartment (lock), the design of the deluge system shall 
meet the requirements of 21.17.1.1 when the chamber com- 
partments are at different depths (pressures). [99:20.2.5.2.1] 


21.17.1.3 The deluge system in different compartments (locks) 
shall operate independently or simultaneously. [99:20.2.5.2.2] 


21.17.1.4 Fixed deluge systems shall not be required in 
chamber compartments that are used strictly as personnel 
transfer compartments (locks), and for no other purposes. 
[99:20.2.5.2.3] 


21.17.1.5* Manual activation and deactivation deluge controls 
shall be located at the operator’s console and in each chamber 
compartment (lock) containing a deluge system. [99:20.2.5.2.4] 


21.17.1.6 Controls shall be designed to prevent unintended 
activation. [99:20.2.5.2.4.1] 


21.17.1.7 Water shall be delivered from the fixed discharge 
nozzles as specified in 21.17.1.9 within 3 seconds of activation 
of any affiliated deluge control. [99:20.2.5.2.5] 


21.17.1.8* Average spray density at floor level shall be not less 
than 2 gpm/ ft? (81.5 L/min/m*) with no floor area larger than 
10.76 ft” (1 m?) receiving less than 1 gpm/ft? (40.75 L/min/m?). 
[99:20.2.5.2.6] 


21.17.1.9 There shall be water available in the deluge system 
to maintain the flow specified in 21.17.1.8 simultaneously in 
each chamber compartment (lock) containing the deluge sys- 
tem for 1 minute. [99:20.2.5.2.7] 


21.17.1.10 The limit on maximum extinguishment duration 
shall be governed by the chamber capacity (bilge capacity also, 
if so equipped) and/or its drainage system. [99:20.2.5.2.7.1] 
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21.17.1.11 The deluge system shall have stored pressure to 
operate for at least 15 seconds without electrical branch 
power. [99:20.2.5.2.8] 


21.17.2 Installation Requirements. (Reserved) 
21.18 Fixed Guideway Transit Systems. 
21.18.1 Design Requirements. 


21.18.1.1 Other approved fire suppression systems shall be 
permitted to be substituted for automatic sprinkler systems in 
the areas listed in 21.21.2 with the approval of the authority 
having jurisdiction. [130:5.7.3.4] 


21.18.2 Installation Requirements. 


21.18.2.1 An automatic sprinkler protection system shall be 
provided in areas of stations used for concessions, in storage 
areas, in trash rooms, and in the steel truss area of all escala- 
tors and other similar areas with combustible loadings, except 
trainways. [130:5.7.3.1] 


21.18.2.2 Sprinkler protection shall be permitted to be omit- 
ted in areas of open stations remotely located from public 
spaces. [130:5.7.3.1.1] 


21.18.2.3 Installation of sprinkler systems shall comply with 
NFPA 13 or applicable local codes as required. [130:5.7.3.2] 


21.18.2.4 A sprinkler system waterflow alarm and supervisory 
signal service shall be installed. [130:5.7.3.3] 


21.19 Motion Picture and Television Production Studio Sound- 
stages and Approved Production Facilities. 

21.19.1 The requirements of NFPA 13 prohibiting obstruc- 
tion to sprinkler discharge shall not be applicable if approved 
mitigation techniques are employed. [140:4.11.1.3.1] 

21.19.2 The requirements of NFPA 13 prohibiting obstruc- 
tion to sprinkler discharge shall not be applicable if the build- 
ing sprinkler system meets the design criteria for extra hazard 
Group 2. [140:4.11.1.3.2] 

21.19.3 In any production location building protected by an 
existing automatic sprinkler system, where solid- or hard- 
ceiling sets or platforms are introduced and create an obstruc- 
tion to sprinkler discharge, the provisions of 21.19.4 or 21.19.5 
shall be met. [140:5.11.3] 

21.19.4* The requirements of NFPA 13 prohibiting obstruc- 
tions to sprinkler discharge shall not be applicable if approved 
mitigation is employed. [140:5.11.4] 

21.19.5* The requirements of NFPA 13 prohibiting obstructions 
to sprinkler discharge shall not be applicable if the building 
sprinkler system meets the design criteria for Extra Hazard, 
Group 2. [140:5.11.5] 

21.20 Animal Housing Facilities. 

21.20.1 Design Requirements. 

21.20.1.1 (Reserved) 

21.20.2 Installation Requirements. (Reserved) 


21.20.2.1  Ouick-response sprinklers shall be utilized 
throughout the animal housing facility. [150:9.2.3] 


21.21 Water Cooling Towers. 
21.21.1 Design Requirements. 
21.21.1.1 Types of Systems. 


21.21.1.1.1* Because the counterflow tower design lends itself 
to either closed- or open-head systems, the following systems 
shall be permitted to be used: 
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(1) Wet-pipe 
(2) Dry-pipe 
(3) Preaction 
(4) Deluge 


[214:5.2.2.1] 


21.21.1.1.2* The open-head deluge system shall be used in 
crossflow towers to maximize the water distribution and heat 
detection activation. [214:5.2.2.2] 


21.21.1.2 Minimum Rate of Application. [214:5.2.3] 


21.21.1.2.1 Under the fan decks of counterflow towers, the rate 
of application of water shall be 0.5 gpm/ft? (20.4 mm/min), in- 
cluding fan opening. [214:5.2.3.1] 


21.21.1.2.2 Under the fan decks of crossflow towers, the rate of 
application of water shall be 0.33 gpm/ft? (13.45 mm/min), in- 
cluding fan opening. [214:5.2.3.2] 


21.21.1.2.3 Over the fill areas of crossflow towers, the rate of 
application of water shall be 0.5 gpm/ft? (20.4 mm/min). 
[214:5.2.3.3] 


21.21.1.3 Extended Fan Decks. On towers having extended 
fan decks that completely enclose the distribution basin, the 
discharge outlets protecting the fill area shall be located over 
the basin, under the extension of the fan deck. [214:5.2.4.3] 


21.21.1.3.1 These discharge outlets shall be open directional 
spray nozzles or other approved spray devices arranged to dis- 
charge 0.35 gpm/ft? (14.26 mm/min) directly on the distribu- 
tion basin and 0.15 gpm/ft? (6.11 mm/min) on the underside 
of the fan deck extension. [214:5.2.4.3.1] 


21.21.1.3.2 On towers having extended fan decks that do not 
completely enclose the hot-water basin, outlets protecting the 
fill shall be located under the distribution basin in accordance 
with 5.2.4.2.2 of NFPA 214, Standard on Water-Cooling Towers. 
[214:5.2.4.3.2] 


21.21.1.4 Combustible Fan Decks. For deluge systems using di- 
rectional spray nozzles in the pendent position, provisions shall 
be made to protect the underside of a combustible fan deck at a 
minimum of 0.15 gpm/ ft? (6.11 mm/min), which shall be in- 
cluded as part of the application rate specified in 5.2.3 of 
NFPA 214, Standard on Water-Cooling Towers. [214:5.2.4.4] 


21.21.1.5 Water Basin Covers. On film-filled towers that have 
solid, hot-water basin covers over the complete basin, the dis- 
charge outlets protecting the fill area shall be permitted to be 
located under the basin covers. 


21.21.1.5.1 These discharge outlets shall be open directional 
spray nozzles or other approved devices arranged to discharge 
0.50 gpm /ft? (20.4 mm/min) into the distribution basin hori- 
zontally, with some of the spray splashing up and on the un- 
derside of the water basin covers. [214:5.2.4.5.1] 


21.21.1.6 Exterior Protection. Systems for exterior protection 
shall be designed with the same attention and care as interior 
systems. [214:5.2.10.2] 


21.21.1.6.1 Pipe sizing shall be based on hydraulic calcula- 
tions. [214:5.2.10.2.1] 


21.21.1.6.2 Water supply and discharge rate shall be based on 
a minimum 0.15 gpm/ft? (6.11 mm/min) for all protected 
surfaces. [214:5.2.10.2.2] 
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21.21.1.7 Sprinkler System Water Supply. 
21.21.1.7.1 Deluge Systems. 


21.21.1.7.1.1* Where all cells of a cooling tower are protected 
by a single deluge system, the water supply shall be adequate 
to supply all discharge outlets on that system. [214:5.6.1.1] 


21.21.1.7.1.2 Where two or more deluge systems are used to 
protect a cooling tower and fire-resistant partitions are not 
provided between the deluge systems, the water supply shall 
be adequate to supply all discharge outlets in the two most 
hydraulically demanding adjacent systems. [214:5.6.1.2] 


21.21.1.7.1.3* Where two or more deluge systems are sepa- 
rated by fire-resistant partitions, the water supply shall be ad- 
equate to supply all discharge outlets in the single most hy- 
draulically demanding system. [214:5.6.1.3] 


21.21.1.7.2 Wet, Dry, and Preaction Systems. 


21.21.1.7.2.1* Where each cell of the cooling tower is sepa- 
rated by a fire-resistant partition, the water supply shall be 
adequate to supply all discharge outlets in the hydraulically 
most demanding single cell. [214:5.6.2.1] 


21.21.1.7.2.2* Where fire-resistant partitions are not provided 
between each cell of a cooling tower, the water supply shall be 
adequate to supply all discharge outlets in the two most hy- 
draulically demanding adjoining cells. [214:5.6.2.2] 


21.21.1.7.3 Hose Streams. Water supplies shall be sufficient to 
include a minimum of 500 gpm (1892.5 L/min) for hose 
streams in addition to the sprinkler requirements. [214:5.6.3] 


21.21.1.7.4 Duration. An adequate water supply of at least a 
2-hour duration shall be provided for the combination of the 
water supply specified in 5.6.1 or 5.6.2 of NFPA 214, Standard 
on Water-Cooling Towers, plus the hose stream demand specified 
in 21.21.1.7.3. [214:5.6.4] 


21.21.2 Installation Requirements. 
21.21.2.1* Counterflow Towers. [214:5.2.4.1] 


21.21.2.1.1 The discharge outlets shall be located under the 
fan deck and fan opening. [214:5.2.4.1.1] 


21.21.2.1.2 Except under the fan opening, all discharge out- 
lets shall have deflector distances installed in accordance with 
Section 8.5 of NFPA 13. [214:5.2.4.1.2] 


21.21.2.1.3 Closed-head discharge outlets for dry pipe and 
preaction systems shall be installed in the upright position 
only. [214:5.2.4.1.3] 


21.21.2.2* Crossflow Towers. [214:5.2.4.2] 


21.21.2.2.1 The discharge outlets protecting the plenum 
area shall be located under the fan deck and in the fan open- 
ing. [214:5.2.4.2.1] 


21.21.2.2.2 Discharge outlets protecting the fill shall be lo- 
cated under the distribution basin on either the louver or drift 
eliminator side, discharging horizontally through the joist 
channels. [214:5.2.4.2.2] 


21.21.2.2.3 Towers with an air travel dimension longer than 
the maximum allowable for the discharge device being used 
shall have discharge devices placed on both sides of the fill 
area in each joist channel. [214:5.2.4.2.3.1] 


21.21.2.2.4 The pressure at each discharge device shall be 
adequate to provide protection for half of the length of the fill 
measured along the air travel. [214:5.2.4.2.3.2] 


21.21.2.2.5 Where joist channels are wider than 2 ft (0.6 m), 
more than one discharge device shall be required per joist 
channel. [214:5.2.4.2.4.1] 


21.21.2.2.6 If the discharge device being used is listed for the 
width of the joist channel being protected, one discharge device 
per joist channel shall be permitted to be used. [214:5.2.4.2.4.2] 


21.21.2.3* Extended Fan Decks. On towers having extended 
fan decks that completely enclose the distribution basin, the 
discharge outlets protecting the fill area shall be located over 
the basin, under the extension of the fan deck. [214:5.2.4.3] 


21.21.2.4 Combustible Fan Decks. For deluge systems using 
directional spray nozzles in the pendent position, provisions 
shall be made to protect the underside of a combustible fan 
deck at a minimum rate of 0.15 gpm/ ft” (6.11 mm/min), 
which shall be included as part of the application rate speci- 
fied in 21.21.1.2. [214:5.2.4.4] 


21.21.2.5* Water Basin Covers. On film-filled towers that have 
solid, hot-water basin covers over the complete basin, the dis- 
charge outlets protecting the fill area shall be permitted to be 
located under the basin covers. [214:5.2.4.5] 


21.21.2.6 Valves. [214:5.2.6] 


21.21.2.6.1 Shutoff valves and automatically operated water 
control valves, if provided, shall be located as follows: 


(1) Outside the fire-exposed area 

(2) As close to the cooling tower as possible to minimize the 
amount of pipe to the discharge device 

(3) Where they will be accessible during a fire emergency 
[214:5.2.6.1.2] 


21.21.2.6.2 Manual Release Valve. [214:5.2.6.2] 


21.21.2.6.2.1 Remote manual release valves, where required, 
shall be conspicuously located and accessible during a fire 
emergency. [214:5.2.6.2.1] 


21.21.2.6.2.2 Where remote manual release valves are not 
required, an inspector’s test valve shall be provided for each 
pilot-head-operated system. [214:5.2.6.2.2] 


21.21.2.7 Strainers. Strainers shall be required for systems uti- 
lizing discharge devices with waterways of less than 0.375 in. 
(9.5 mm) diameter. [214:5.2.7] 


21.21.2.8 Heat Detectors. Where deluge or preaction systems 
are used, heat detectors shall be installed and shall be selected 
from either of the types in 5.2.8.1 or 5.2.8.2 of NFPA 214, Stan- 
dard on Water-Cooling Towers. [214:5.2.8] 


21.21.2.8.1 In mechanical-draft towers, pilot line detectors 
shall be located under the fan deck at the circumference of 
the fan opening and under the fan opening where necessary 
to comply with the spacing requirements in 21.21.2.8.1.1. (For 
extended fan decks, see 5.2.8.2.3 in NFPA 214, Standard on Water- 
Cooling Towers.) [214:5.2.8.1.2.1(A) ] 


21.21.2.8.1.1 Pilot line detectors shall be spaced not more 
than 8 ft (2.4 m) apart in any direction including the fan open- 
ing. Temperature ratings shall be selected in accordance with 
operating conditions, but shall be no less than intermediate. 
(214:5.2.8.1.2.1(B) ] 
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21.21.2.8.2 On towers having extended fan decks that com- 
pletely enclose the distribution basin, electrical heat detectors 
shall be located under the fan deck extension in accordance 
with standard, indoor-spacing rules for the type detectors used 
in accordance with NFPA 72, National Fire Alarm and Signaling 
Code. [214:5.2.8.2.3] 


21.21.2.8.2.1 Where the fan deck extension is 16 ft (4.9 m) or 
less and this dimension is the length of the joist channel, then 
only one row of detectors centered on and at right angles to 
the joist channels shall be required. Spacing between detec- 
tors shall be in accordance with NFPA 72, National Fire Alarm 
and Signaling Code. [214:5.2.8.2.3.1] 


21.21.2.8.2.2 On towers having extended fan decks that do 
not completely enclose the hot-water basin, electrical heat de- 
tectors shall not be required under the fan deck extension. 
[214:5.2.8.2.3.2] 


21.21.2.8.3 Where electrical heat detectors are inaccessible 
during tower operation, an accessible test detector shall be 
provided for each detection zone. [214:5.2.8.3] 


21.21.2.8.4 Electrical heat detector components exposed to 
corrosive vapors or liquids shall be protected by materials of 
construction or by protective coatings applied by the equip- 
ment manufacturer. [214:5.2.8.4] 


21.21.2.9 Protection for Fan Drive Motor. [214:5.2.9] 


21.21.2.9.1 A water discharge outlet activated by a pilot line 
detector or a listed electrical heat detector shall be provided 
over each fan drive motor when the motor is located so that it 
is not within the protected area of the tower. [214:5.2.9.1] 


21.21.2.9.2 Provision shall be made to interlock the fan mo- 
tors with the fire protection system so that the cooling tower 
fan motors are stopped in the cell(s) for which the system is 
actuated. [214:5.2.9.2] 


21.21.2.9.3 Where the continued operation of the fans is vital 
to the process, a manual override switch shall be permitted to 
be provided to reactivate the fan when it is determined that 
there is no fire. [214:5.2.9.3] 


21.21.2.10 Corrosion Protection. [214:5.3] 


21.21.2.10.1 Piping, fittings, hangers, braces, and attachment 
hardware including fasteners shall be hot-dip galvanized steel 
per ASTM A 153A/153M, Standard Specification for Zinc Coating 
(Hot Dip) on Iron and Steel Hardware, or other materials having a 
superior corrosion resistance. [214:5.3.1] 


21.21.2.10.1.1 Exposed pipe threads and bolts on fittings 
shall be protected against corrosion. [214:5.3.1.1] 


21.21.2.10.1.2 All other components shall be corrosion resis- 
tant or protected against corrosion by a coating. [214:5.3.1.2] 


21.21.2.10.2* Wax-type coatings shall not be used on devices 
without fusible elements. [214:5.3.2] 


21.21.2.10.3* Special care shall be taken in the handling and 
installation of wax-coated or similar sprinklers to avoid damag- 
ing the coating. [214:5.3.3] 


21.21.2.10.3.1 Corrosion-resistant coatings shall not be ap- 
plied to the sprinklers by anyone other than the manufacturer 
of the sprinklers. [214:5.3.3.1] 


21.21.2.10.3.2 In all cases, any damage to the protective coating 
occurring at the time of installation shall be repaired at once 
using only the coating of the manufacturer of the sprinkler in an 
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approved manner, so that no part of the sprinkler will be exposed 
after the installation has been completed. [214:5.3.3.2] 


21.22 Standard for the Construction and Fire Protection of 
Marine Terminals, Piers, and Wharves. 


21.22.1 Design Requirements. 


21.22.1.1* For terminal buildings that do not meet the re- 
quirements of 21.22.1.2, automatic sprinkler systems shall be 
designed based upon the design criteria for the protection of 
Group A plastics. [307:5.4.2.1] 


21.22.1.2 With the approval of the authority having jurisdic- 
tion, the requirements of 21.22.1.1 shall not apply to buildings 
used exclusively for the handling or storage of specific cargoes 
and commodities that are defined as commodity classes less 
than Group A plastics by this standard. [307:5.4.2.2] 


21.22.1.3 Buildings consistent with 21.22.1.2 shall be pro- 
tected in accordance with the design criteria for the appli- 
cable commodity as required by this standard. [307:5.4.2.3] 


21.22.1.4 Buildings used for the storage of hazardous materi- 
als shall be protected in accordance with this standard and the 
applicable codes and standards for the type of hazardous ma- 
terial being stored. [307:5.4.2.4] 


21.22.2 Installation Requirements. 
21.22.2.1 Piers and Wharves with Combustible Substructure. 


21.22.2.1.1 Where there is danger of damage to sprinkler 
equipment by floating objects, physical barriers shall be pro- 
vided to exclude such objects. [307:4.3.3.1.2.2] 


21.22.2.1.2 The installation requirements in 21.22.2.1.2.1, 
21.22.2.1.2.1(A), and 21.22.2.1.2.1(B) are also required. 


21.22.2.1.2.1* Upward Projecting Sprinklers. Where narrow 
horizontal channels or spaces are caused by caps, stringers, 
ties, and other structural members and where the standard 
upright sprinkler does not project sufficient water upward to 
extinguish or control fires on the underside of the pier or 
wharf deck, a sprinkler that projects water upward to wet the 
overhead shall be used. 


(A) Location, spacing, and deflector position shall be gov- 
erned by the discharge pattern of the sprinkler and the struc- 
ture being protected. 


(B) The following design and installation guides shall apply 
where pendent sprinklers in the upright position or old-style 
sprinklers are to be utilized: 


(1) The maximum coverage per sprinkler head shall be lim- 
ited to 80 ft? (7.5 m°). 

(2) Where spacing or arrangement of stringers constitutes 
typical open joist construction directly supporting the 
deck, sprinkler branch lines shall be installed between the 
bents at right angles to the stringers and shall meet the 
following requirements: 

(a) Spacing between branch lines shall not exceed 10 ft 
(3m). 

(b) Sprinklers on branch lines shall be staggered and 
spaced not to exceed 8 ft (2.5 m) on center. 
(3)*Where crisscross construction is involved, closer spacing 
of sprinklers shall be permitted as necessary to provide 

wetting of the entire structure. 
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(4) The deflectors of sprinklers on lines under stringers shall 
be located not less than 4 in. (100 mm) nor more than 
10 in. (250 mm) below the bottom plane of the stringer, 
and not more than 18 in. (450 mm) below the underside 
of the pier or wharf deck. 

(5)*The sprinkler system shall be hydraulically designed in 
accordance with the requirements of this standard and 
shall meet the following requirements: 

(a) Sprinkler orifice shall be "4 in. (12.7 mm) and shall 
discharge at a minimum pressure of 12.5 psi (85 kPa). 

(b) Design area shall be based upon the largest area be- 
tween firestops plus an additional area embracing at 
least two branch lines on opposite sides of the firestop. 

(c) Minimum design area shall be not less than 5000 f? 
(465 m°). 

(6) The temperature rating of the sprinkler shall not exceed 
165°F (74°C). 

(7) The maximum area to be protected by any one system 
shall be limited to 25,000 ft? (2325 m°). 


[307:4.3.3.1.3.1] 
21.23 Cleanrooms. 
21.23.1 Design Requirements. 


21.23.1.1* Automatic sprinklers for cleanrooms or clean 
zones shall be hydraulically designed for a density of 
0.20 gpm/ft? (8.15 L/min-m*) over a design area of 
3000 ft? (278.8 m?). [318:4.1.2.1] 


21.23.1.2 Automatic sprinkler protection shall be designed 
and installed in the plenum and interstitial space above clean- 
rooms for a density of 0.20 gpm/ft® (8.15 L/min-m”) over a 
design area of 3000 ft? (278.8 m”). [318:4.1.2.5] 


21.23.1.2.1* Automatic sprinklers shall be permitted to be 
omitted if the construction and occupancy of these spaces are 
noncombustible. [318:4.1.2.5.1] 


21.23.1.3* Sprinklers installed in duct systems shall be hydrau- 
lically designed to provide 0.5 gpm (1.9 L/min) over an area 
derived by multiplying the distance between the sprinklers in 
a horizontal duct by the width of the duct. [318:4.1.2.6.2] 


21.23.1.3.1* Minimum discharge shall be 20 gpm (76 L/min) 
per sprinkler from the five hydraulically most remote sprin- 
klers. [318:4.1.2.6.2.1] 


21.23.2 Installation Requirements. 


21.23.2.1* Wet pipe automatic sprinkler protection shall be 
provided throughout facilities containing cleanrooms and 
clean zones. [318:4.1.1] 


21.23.2.2* Approved quick-response sprinklers shall be uti- 
lized for sprinkler installations within down-flow airstreams in 
cleanrooms and clean zones. [318:4.1.2.2] 


21.23.2.3* Sprinklers installed in ductwork shall be spaced a 
maximum of 20 ft (6.1 m) apart horizontally and 12 ft (3.7 m) 
apart vertically. [318:4.1.2.6.2.2] 


21.23.2.4 A separate indicating control valve shall be pro- 
vided for sprinklers installed in ductwork. [318:4.1.2.6.3] 


21.23.2.5 The sprinklers shall be accessible for periodic in- 
spection and maintenance. [318:4.1.2.6.6] 


21.24 Aircraft Hangars. 


21.24.1 Design Requirements. Sprinkler systems installed in 
aircraft hangars shall comply with NFPA 409, Standard on Air- 
craft Hangars. 


21.24.2 Installation Requirements. Sprinkler systems installed 
in aircraft hangars shall comply with NFPA 409, Standard on 
Aircraft Hangars. 


21.25 Airport Terminal Buildings, Fueling Ramp Drainage, 
and Loading Walkways. 


21.25.1 Design Requirements. 


21.25.1.1 Passenger handling areas shall be classified as ordi- 
nary hazard Group 1 occupancy for the purpose of sprinkler 
system design. [415:4.5.1.3] 


21.25.1.2* Baggage, package, and mail handling areas shall be 
classified as ordinary hazard Group 2 occupancy for the pur- 
pose of sprinkler system design. [415:4.5.1.4] 


21.25.1.3* Other areas of the airport terminal building shall 
be classified based on the occupancy of the area. [415:4.5.1.5] 


21.25.2 Installation Requirements. (Reserved) 
21.26 Aircraft Engine Test Facilities. 
21.26.1 Design Requirements. 


21.26.1.1* In engine test cells, the minimum design discharge 
density shall be 0.5 gpm/ft? (0.34 L/sec/m”) of protected 
area. [423:7.6.3] 


21.26.1.2 In engine test cells, water supplies shall be capable 
of meeting the largest demand at the design rate plus hose 
stream demand for a period of 30 minutes. [423:7.6.4] 


21.26.1.2.1 Hose stream demand shall be a minimum of 
250 gpm (16 L/sec). [423:7.6.4.1] 


21.26.1.2.2 The hydraulic calculation and the water supply 
shall be based on the assumption that all sprinklers in the test 
cell are operating simultaneously. [423:7.6.4.2] 


21.26.2 Installation Requirements. (Reserved) 
21.27 Advanced Light Water Reactor Electric Generating Plants. 
21.27.1 Design Requirements. 


21.27.1.1* Sprinkler System Water Supply. The fire water sup- 
ply shall be calculated on the basis of the largest expected 
flow rate for a period of 2 hours, but shall not be less than 
300,000 gal (1,135,500 L), and the following criteria also 
shall apply: 


(1) The flow rate shall be based on 500 gpm (1892.5 L/min) 
for manual hose streams plus the largest design demand 
of any sprinkler or fixed water spray system. 

(2) The fire water supply shall be capable of delivering the 
design demand specified in 21.27.1.1(1) with the hydrau- 
lically least demanding portion of fire main loop out of 
service. [804:9.2.1] 


21.27.1.2 Yard Mains. The underground yard fire main loop 
shall be installed to furnish anticipated water requirements, 
and the following criteria also shall be met: 


(1) The type of pipe and water treatment shall be design con- 
siderations, with tuberculation as one of the parameters. 

(2) Means for inspecting and flushing the systems shall be 
provided. [804:9.4.1] 


21.27.1.3 Cable Tunnels. [804:10.4.2] 


21.27.1.3.1 Automatic sprinkler systems shall be designed for 
a density of 0.3 gpm/ft? (12.2 L/min-m?) for the most remote 
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100 linear ft (30.5 m) of cable tunnel up to the most remote 
2500 ft? (232.2 me). [804:10.4.2.2.2] 


21.27.1.3.2 Deluge sprinkler systems or deluge spray systems 
shall meet the following criteria: 


(1) They shall be zoned to limit the area of protection to that 
which the drainage system can handle with any two adja- 
cent systems actuated. 

(2) They shall be hydraulically designed with each zone calcu- 
lated with the largest adjacent zone flowing. [804:10.4.2.2.4] 


21.27.1.4 Cable Spreading Room. The cable spreading room 
shall have an automatic fixed water-based suppression system, 
and the following criteria also shall be met: 


(1) The location of sprinklers or spray nozzles shall protect 
cable tray arrangements to ensure water coverage for ar- 
eas that could present exposure fire hazards to the cable 
raceways. 

(2) Automatic sprinkler systems shall be designed for a den- 
sity of 0.30 gpm/ft? (12.2 L/min-m?) over the most re- 
mote 2500 ft” (232.2 m°). [804:10.4.1.1] 


21.27.1.5* Beneath Turbine Generator Operating Floor. All 
areas beneath the turbine generator operating floor shall be 
protected by an automatic sprinkler or foam-water sprinkler 
system meeting the following criteria: 


(1) The sprinkler system beneath the turbine generator shall 
be designed around obstructions from structural mem- 
bers and piping. 

(2) The sprinkler system shall be designed to a minimum 
density of 0.3 gpm/ft® (12.2 L/min-m”) over a minimum 
application of 5000 ft? (464.5 m°). [804:10.8.2.1] 


21.27.1.6* Turbine Generator Bearings. [804:10.8.3] 


21.27.1.6.1 Lubricating oil lines above the turbine operating 
floor shall be protected with an automatic sprinkler system to 
a minimum density of 0.30 gpm/ft? (12.2 L/min-m?) that cov- 
ers those areas subject to oil accumulation, including the area 
within the turbine lagging (skirt). [804:10.8.4] 


21.27.1.6.2 Where shaft-driven ventilation systems are used, 
an automatic preaction sprinkler system providing a density of 
0.3 gpm/ft? (12.2 L/min-m?) over the entire area shall be 
provided. [804:10.8.7(2) ] 


21.27.1.7 Standby Emergency Diesel Generators and Com- 
bustion Turbines. Sprinkler and water spray protection sys- 
tems shall be designed for a 0.25 gpm/ft” (10.19 L/min-m”) 
density over the entire area. (804:10.9.3(2) | 


21.27.1.8 Fire Pump Room/House. If sprinkler and water 
spray systems are provided for fire pump houses, they shall be 
designed for a minimum density of 0.25 gpm/ ft? (10.19 L/ 
min-m?) over the entire fire area. [804:10.22.2] 


21.27.1.9 Oil-Fired Boilers. Sprinkler and water spray systems 
shall be designed for a minimum density of 0.25 gpm/ft? 
(10.19 L/min-m?) over the entire area. [804:10.24.3] 


21.27.2 Installation Requirements. 


21.27.2.1 Yard Mains, Hydrants, and Building Standpipes. 
[804:9.4] 


21.27.2.1.1 Approved visually indicating sectional control 
valves such as post-indicator valves shall be provided to isolate 
portions of the main for maintenance or repair without simul- 
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taneously shutting off the supply to both primary and backup 
fire suppression systems. [804:9.4.2] 


21.27.2.1.2* Sectional control valves shall permit maintaining 
independence of the individual loop around each unit, and 
the following criteria also shall be met: 


(1) For such installations, common water supplies shall also 
be permitted to be utilized. 

(2) For multiple-reactor sites with widely separated plants 
[approaching 1 mi (1.6 km) or more], separate yard fire 
main loops shall be used. [804:9.4.4] 


21.27.2.1.3 Sprinkler systems and manual hose station stand- 
pipes shall have connections to the plant underground water 
main so that a single active failure or a crack in a moderate- 
energy line can be isolated so as not to impair both the pri- 
mary and backup fire suppression systems unless otherwise 
permitted by the following: 


(1) Alternatively, headers fed from each end shall be permit- 
ted inside buildings to supply both sprinkler and stand- 
pipe systems, provided steel piping and fittings meeting 
the requirements of ASME B31.1, Power Piping, are used 
for the headers (up to and including the first valve) sup- 
plying the sprinkler systems where such headers are part 
of the seismically analyzed hose standpipe system. 

(2) Where provided, such headers shall be considered an ex- 
tension of the yard main system. 

(3) Each sprinkler and standpipe system shall be equipped 
with an outside screw and yoke (OS&Y) gate valve or 
other approved shutoff valve. [804:9.4.7] 


21.27.2.2 Cable Concentrations. The location of sprinklers or 
spray nozzles shall protect cable tray arrangements and pos- 
sible transient combustibles to ensure water coverage for areas 
that could present exposure fire hazards to the cable raceways. 
[804:10.4.2.2.3] 


21.27.2.3 Turbine Building. Deluge sprinkler systems or del- 
uge spray systems shall meet the following criteria: 


(1) They shall be zoned to limit the area of protection to that 
which the drainage system can handle with any two adja- 
cent systems actuated. 

(2) They shall be hydraulically designed with each zone calcu- 
lated with the largest adjacent zone flowing. [804:10.4.2.2.4] 


21.28 Light Water Nuclear Power Plants. 


21.28.1 Design Requirements. A fire protection water supply 
of reliability, quantity, and duration shall be provided by one 
of the two following methods: 


(1) Afire protection water supply of not less than two separate 
300,000 gal (1,135,500 L) supplies shall be provided. 

(2) The 2-hour fire flow rate for 2 hours shall be calculated, 
and the following criteria shall be met: 


(a) The flow rate shall be based on 500 gpm (1892.5 
L/min) for manual hose streams plus the largest de- 
sign demand of any sprinkler or fixed water spray sys- 
tem(s) in the power block as determined in accor- 
dance with NFPA 13 or NFPA 15, Standard for Water 
Spray Fixed Systems for Fire Protection. 

(b) The fire water supply shall be capable of delivering 
this design demand with the hydraulically least de- 
manding portion of fire main loop out of service. 


[805:5.5.1] 
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21.28.2 Installation Requirements. 


21.28.2.1 Each sprinkler and standpipe system shall be 
equipped with an outside screw and yoke (OS&Y) gate valve or 
other approved shutoff valve. [805:5.5.17] 


21.28.2.2 Sprinkler systems and manual hose station stand- 
pipes shall be connected to the plant fire protection water 
main so that a single active failure or a crack to the water 
supply piping to these systems can be isolated so as not to 
impair both the primary and backup fire suppression systems. 
[805:5.5.12] 


21.29 Electric Generating Plants and High Voltage Direct Cur- 
rent Converter Stations. [NFPA 850] 


21.29.1* Design Requirements. 

21.29.2* Installation Requirements. 

21.30 Hydroelectric Generating Plants. [NFPA 851] 
21.30.1* Design Requirements. 

21.30.2* Installation Requirements. 


21.31 Code for the Protection of Cultural Resource Prop- 
erties — Museums, Libraries, and Places of Worship. 
[NFPA 909] 


21.31.1* Design Requirements. 


21.31.1.1* Standard-response sprinklers shall be permitted for 
use in light-hazard areas. [909:12.4.4.2] 


21.31.1.2 System Design for Museums, Libraries, and Their 
Collections in Compact Storage. 


21.31.1.2.1* The design shall recognize the nature of the haz- 
ard from a fire that originates in a compact mobile storage 
unit, where fuel loads are invariably large and fire growth is 
significantly different from that in other kinds of storage. 
[909:16.4.8.1.3] 


21.31.1.2.2* The automatic fire suppression system, the com- 
pact storage system, and the storage compartmentalization 
features shall be designed to limit fire damage in accordance 
with the facility’s fire safety objectives. [909:16.4.8.1.4.1] 


21.31.1.2.3 Design calculations shall include the number and 
size of the storage modules, the separation provided between 
the modules end-to-end and back-to-back, and the type of ma- 
terials being stored. [909:16.4.8.1.4.2] 


21.31.1.2.4 Where the automatic suppression is provided by 
automatic fire sprinkler systems, the systems shall be wet pipe, 
single interlock pre-action or single noninterlock pre-action 
systems. [909:16.4.8.1.4.3] 


21.31.1.2.5 Dry pipe or double-interlock pre-action systems 
shall not be installed in compact storage areas. [909:16.4.8.1.4.4] 


21.31.1.2.6 Where compact storage is installed in an existing 
storage area, the existing automatic fire detection and fire 
suppression systems shall be modified as required to accom- 
modate the increased fire loading. [909:16.4.8.2] 


21.31.2 Installation Requirements. (Reserved) 
21.32 National Electrical Code. 

21.32.1 Design Requirements. (Reserved) 
21.32.2 Installation Requirements. 


21.32.2.1 Dedicated Electrical Space. The space equal to the 
width and depth of the equipment and extending from the 


floor to a height of 6 ft (1.8 m) above the equipment or to the 
structural ceiling, whichever is lower, shall be dedicated to the 
electrical installation. No piping, ducts, leak protection appa- 
ratus, or other equipment foreign to the electrical installation 
shall be located in this zone except for suspended ceilings with 
removable panels. (70:110.26(F) (1) (a) ] 


21.32.2.2 The area above the dedicated space required by 
21.32.2.1 shall be permitted to contain foreign systems, pro- 
vided protection is installed to avoid damage to the electrical 
equipment from condensation, leaks, or breaks in such for- 
eign systems. (70:110.26(F) (1) (b)1 


21.32.2.3* Sprinkler protection shall be permitted for the 


dedicated space where the piping complies with this section. 
(70:110.26(F) (1) (c)] 


21.33 Fire Protection of Telecommunication Facilities. 
21.33.1 Design Requirements. (Reserved) 
21.33.2 Installation Requirements. 


21.33.2.1 All piping for dry pipe and pre-action sprinkler sys- 
tems shall be installed with a pitch in accordance with NFPA 13 
whether or not the piping is subjected to freezing conditions. 
[76:8.6.2.2.2] 


21.34 Exhaust Systems for Air Conveying of Vapors, Gases, 
Mists, and Noncombustible Particulate Solids. 


21.34.1 Design Requirements. 


21.34.1.1 When a sprinkler system is installed, means shall be 
provided to prevent water accumulation in the duct or flow of 
water back to a process subject that could be damaged by wa- 
ter. [91:8.2] 


21.34.2 Installation Requirements. (Reserved) 
21.35 Class E Hypobaric Facilities. 
21.35.1 Design Requirements. 


21.35.1.1 A fire suppression system consisting of indepen- 
dently supplied and operating handline and fixed deluge-type 
water spray systems shall be installed. [99B:4.5.1.5] 


21.35.1.2 Design of the fire suppression system shall be such 
that failure of components in either the handline or deluge sys- 
tem will not render the other system inoperative. [99B:4.5.1.6] 


21.35.1.3 System design shall be such that activation of either 
the handline or the deluge system shall automatically cause 
the following: 


(1) Visual and audio alarm indicators shall be activated at the 
chamber operator’s console. 

(2) All ungrounded electrical leads for power and lighting cir- 
cuits contained inside the chamber shall be disconnected. 

(3) Emergency lighting and communication, where used, 
shall be activated. [99B:4.5.1.7] 


21.35.1.4 Intrinsically safe circuits, including sound-powered 
communications, shall be permitted to remain connected when 
either the handline or deluge system is activated. [99B:4.5.1.8] 


21.35.1.5 Control circuitry and other electrical equipment 
involved in the fire detection and suppression system shall be 
powered from the critical branch of the emergency electrical 
system and connected to the uninterruptible power supply 
(UPS). [99B:4.5.1.11] 
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21.35.1.6 In chambers that consist of more than one com- 
partment, the deluge system shall operate independently or 
simultaneously even if the compartments are at different pres- 
sures (altitudes). [99B:4.5.2.2] 


21.35.1.7 Fixed deluge systems shall not be required in cham- 
ber compartments that are used strictly as personnel transfer 
compartments and for no other purpose. [99B:4.5.2.3] 


21.35.1.8 Manual activation and deactivation deluge controls 
shall be located at the operator’s console and in each chamber 
compartment containing a deluge system. [99B:4.5.2.4] 


21.35.1.9 Controls shall be designed to prevent unintended 
activation. [99B:4.5.2.4.1] 


21.35.1.10 Water shall be delivered from the fixed discharge 
nozzles of the deluge system within 3 seconds of activation of 
any affiliated deluge control. [99B:4.5.2.5] 


21.35.1.11* Total water demand shall be determined by multi- 
plying the total chamber floor area by 7.5 gpm/ ft” (305.6 L/ 
min/m”). [99B:4.5.2.5.1] 


21.35.1112 The minimum operating pressure at the nozzle 
shall be 30 psi (206 kPa). [99B:4.5.2.5.2] 


21.35.1.13 The water supply shall be constantly and fully 
charged. [99B:4.5.2.6] 


21.35.1.14 The water supply pressure shall be constantly 
monitored and an interlock shall prevent chamber operation 
if water supply pressure has fallen 10 percent below normal 
operating charge pressure. [99B:4.5.2.7] 


21.35.1.15 There shall be water in the deluge system to main- 
tain the flow specified in 21.35.1.11 simultaneously in each cham- 
ber containing the deluge system for 1 minute. [99B:4.5.2.8] 


21.35.1.16 The limit on maximum extinguishment duration 
shall be governed by the chamber capacity (bilge capacity also, 
if so equipped) and/or its drainage system. [99B:4.5.2.9] 


21.35.1.17 The deluge system shall have stored pressure to 
operate for at least 15 seconds without electrical branch 
power. [99B:4.5.2.10] 


21.35.2 Installation Requirements. (Reserved) 
21.36 Coal Mines. 

21.36.1 Design Requirements. 

21.36.1.1 Underground Mining Operations. 


21.36.1.1.1* Fire sprinkler systems for underground mining 
operations shall be designed and installed in accordance with 
NFPA 120. 


21.36.1.2 Coal Preparation Plants and Crusher Buildings. 


21.36.1.2.1 When automatic sprinkler systems are to be sup- 
plied through the standpipe system, hydraulic calculations 
shall be used to ensure that the piping and the water supply 
meet the hose and automatic sprinkler demands simulta- 


neously. [120:6.3.2.3.2] 
21.36.1.3 Underground Conveyors. 


21.36.1.3.1 The application rate shall not be less than 10.2 L/ 
min/m” (0.25 gpm/ft”) of the top surface of the top belt. 
[120:9.4.6.4] 


21.36.1.3.2 The water supply shall be free of excessive sedi- 
ment and corrosives and provide the required flow for not less 
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than 10 minutes. A strainer with a flush-out connection and 
manual shutoff valve shall be provided. [120:9.4.6.6] 


21.36.1.3.3 The system shall be interlocked to shut down the 
conveyor and provide an audible and a visual alarm. [120:9.4.6.8] 


21.36.1.3.4 Fire suppression systems shall also comply with 
21.36.1.1.1. [120:9.4.6.10] 


21.36.1.3.5 Sprinkler systems shall meet the following re- 
quirements: 


(1) The sprinklers shall be installed in accordance with 
NFPA 13 as far as practical, and shall have components 
that have been listed. 

(2) The water supply shall be capable of supplying a con- 
stant flow of water with all heads functioning for a pe- 
riod of 10 minutes. 

(3) The sprinkler head activation temperature shall not be 
less than 65.6°C (150°F) or greater than 148.9°C (300°F). 

[120:9.4.6.13] 


21.36.2 Installation Requirements. 
21.36.2.1 Underground Conveyors. 


21.36.2.1.1 Deluge water spray systems, foam systems, closed- 
head sprinkler systems, or dry-chemical systems automatically 
actuated by rise in temperature shall be installed at main and 
secondary belt conveyor drives. [120:9.4.6.1] 


21.36.2.1.2 Fire suppression systems shall extend to the belt 
drive, hydraulic takeup unit electrical controls, discharge 
roller, drive motors, gear reducing unit, and conveyor belt to a 
distance of 15.2 m (50 ft) on the downwind side. [120:9.4.6.2] 


21.36.2.1.3 Piping for the deluge, foam, or closed-head sprin- 
kler system shall be metal and listed for sprinkler applications. 
[120:9.4.6.3] 


21.36.2.1.4 The discharge shall be directed at both the upper 
and the bottom surface of the top belt and the upper surface 
of the bottom belt. [120:9.4.6.5] 


21.36.2.1.5 Maximum distance between nozzles on a branch 
line shall not exceed 2.4 m (8 ft). [120:9.4.6.7] 


21.36.2.1.6 The components of the system shall be located so 
as to minimize the possibility of damage by roof fall or by the 
moving belt and its load. [120:9.4.6.9] 


21.36.2.1.7 Deluge water spray systems shall meet the require- 
ments of 21.36.2.1.7.1 through 21.36.2.1.7.5. [120:9.4.6.11] 


21.36.2.1.7.1 The system shall be activated by heat detectors. 
[120:9.4.6.11.1] 


21.36.2.1.7.2 Heat detectors shall be located at the belt drive, 
hydraulic takeup unit (unless fire-resistive fluid is used), dis- 
charge roller, and the roof above the conveyor. [120:9.4.6.11.1.1] 


21.36.2.1.7.3 Heat detectors at the roof line should be spaced 
2.4 m to 3.048 m (8 ft to 10 ft) apart along the entire length of 
the protected area of the belt. [120:9.4.6.11.1.2] 


21.36.2.1.7.4 The nozzles shall be full cone, corrosion resis- 
tant, and provided with blow-off dust covers. [120:9.4.6.11.2] 


21.36.2.1.7.5 A closed sprinkler head shall be used over the 
electrical controls. [120:9.4.6.11.3] 
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21.36.2.2 Mine Surface Buildings. 


21.36.2.2.1 If sprinklers are installed, waterflow, valve 
tamper and low building temperature alarms shall be pro- 
vided. [120:8.6.1.2] 


21.37 Metal/Nonmetal Mining and Metal Mineral Processing 
Facilities. 


21.37.1 Design Requirements. 
21.37.1.1 Water Supplies. 


21.37.1.1.1 When automatic sprinkler systems are supplied 
through the hand hose line standpipe system, hydraulic calcu- 
lations shall be used to ensure that the piping and water sup- 
ply will supply the hose and automatic sprinkler demands si- 
multaneously. [122:6.2.3] 


21.37.1.1.2 Where a fire water supply for a surface mineral 
processing plant is required by the risk assessment, capacity 
and availability shall provide the water demand for fire fight- 
ing purposes, including hose and sprinkler systems, for a mini- 
mum duration of 2 hours. [122:13.7.2] 


21.37.2 Installation Requirements. (Reserved) 


Chapter 22 Plans and Calculations 


22.1* Working Plans. 


22.1.1* Working plans shall be submitted for approval to the 
authority having jurisdiction before any equipment is installed 
or remodeled. 


22.1.2 Deviation from approved plans shall require permis- 
sion of the authority having jurisdiction. 


22.1.3 Working plans shall be drawn to an indicated scale, on 
sheets of uniform size, with a plan of each floor, and shall show 
those items from the following list that pertain to the design of 
the system: 


(1) Name of owner and occupant. 

(2) Location, including street address. 

(3) Point of compass. 

(4) Full height cross section, or schematic diagram, includ- 
ing structural member information if required for clarity 
and including ceiling construction and method of pro- 
tection for nonmetallic piping. 

(5) Location of partitions. 

(6) Location of fire walls. 

(7) Occupancy class of each area or room. 

(8) Location and size of concealed spaces, closets, attics, and 
bathrooms. 

(9) Any small enclosures in which no sprinklers are to be 
installed. 

(10) Size of city main in street and whether dead end or cir- 
culating; if dead end, direction and distance to nearest 
circulating main; and city main test results and system 
elevation relative to test hydrant (see A.23.1.8). 

(11) Other sources of water supply, with pressure or elevation. 

(12) Make, type, model, and nominal K-factor of sprinklers 
including sprinkler identification number. 

(13) Temperature rating and location of high-temperature 
sprinklers. 

(14) Total area protected by each system on each floor. 

(15) Number of sprinklers on each riser per floor. 


(16) Total number of sprinklers on each dry pipe system, pre- 
action system, combined dry pipe-preaction system, or 
deluge system. 

(17) Approximate capacity in gallons of each dry pipe system. 

(18) Pipe type and schedule of wall thickness. 

(19) Nominal pipe size and cutting lengths of pipe (or center- 
to-center dimensions). Where typical branch lines pre- 
vail, it shall be necessary to size only one typical line. 

(20) Location and size of riser nipples. 

(21) Type of fittings and joints and location of all welds and 
bends. The contractor shall specify on drawing any sec- 
tions to be shop welded and the type of fittings or forma- 
tions to be used. 

(22) Type and locations of hangers, sleeves, braces, and meth- 
ods of securing sprinklers when applicable. 

(23) All control valves, check valves, drain pipes, and test con- 
nections. 

(24) Make, type, model, and size of alarm or dry pipe valve. 

(25) Make, type, model, and size of preaction or deluge valve. 

(26) Kind and location of alarm bells. 

(27) Size and location of standpipe risers, hose outlets, hand 
hose, monitor nozzles, and related equipment. 

(28) Private fire service main sizes, lengths, locations, weights, 
materials, point of connection to city main; the sizes, 
types and locations of valves, valve indicators, regulators, 
meters, and valve pits; and the depth that the top of the 
pipe is laid below grade. 

(29) Piping provisions for flushing. 

(30) Where the equipment is to be installed as an addition to 
an existing system, enough of the existing system indi- 
cated on the plans to make all conditions clear. 

(31) For hydraulically designed systems, the information on 
the hydraulic data nameplate. 

(32) A graphic representation of the scale used on all plans. 

(33) Name and address of contractor. 

(34) Hydraulic reference points shown on the plan that cor- 
respond with comparable reference points on the hy- 
draulic calculation sheets. 

(35) The minimum rate of water application (density or flow 
or discharge pressure), the design area of water applica- 
tion, in-rack sprinkler demand, and the water required 
for hose streams both inside and outside. 

(36) The total quantity of water and the pressure required 
noted at a common reference point for each system. 

(37) Relative elevations of sprinklers, junction points, and 
supply or reference points. 

(38) If room design method is used, all unprotected wall 
openings throughout the floor protected. 

(39) Calculation of loads for sizing and details of sway bracing. 

(40) The setting for pressure-reducing valves. 

(41) Information about backflow preventers (manufacturer, 
size, type). 

(42) Information about antifreeze solution used (type and 
amount). 

(43) Size and location of hydrants, showing size and number 
of outlets and if outlets are to be equipped with indepen- 
dent gate valves. Whether hose houses and equipment 
are to be provided, and by whom, shall be indicated. 
Static and residual hydrants that were used in flow tests 
shall be shown. 

(44) Size, location, and piping arrangement of fire depart- 


ment connections. 
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(45) Ceiling/roof heights and slopes not shown in the full 
height cross section. 

(46) Edition year of NFPA 13 that the sprinkler system is de- 
signed to. 


22.1.4* A signed copy of the owner’s certificate and the work- 
ing plan submittal shall include the manufacturer’s installa- 
tion instructions for any specially listed equipment, including 
descriptions, applications, and limitations for any sprinklers, 
devices, piping, or fittings. 


22.1.5* Working Plans for Automatic Sprinkler Systems with 
Non-Fire Protection Connections. 


22.1.5.1 Special symbols shall be used and explained for aux- 
iliary piping, pumps, heat exchangers, valves, strainers, and 
the like, clearly distinguishing these devices and piping runs 
from those of the sprinkler system. 


22.1.5.2 Model number, type, and manufacturer’s name shall 
be identified for each piece of auxiliary equipment. 


22.2 Water Supply Information. 


22.2.1 Water Supply Capacity Information. The following in- 
formation shall be included: 


(1) Location and elevation of static and residual test gauge 
with relation to the riser reference point 

(2) Flow location 

(3) Static pressure, psi (bar) 

(4) Residual pressure, psi (bar) 

(5) Flow, gpm (L/min) 

(6) Date 

(7) Time 

(8) Name of person who conducted the test or supplied the 
information 

(9) Other sources of water supply, with pressure or elevation 


22.2.1.1* Where a water flow test is used for the purposes of 
system design, the test shall be conducted no more than 
12 months prior to working plan submittal. 


22.2.2 Water Supply Treatment Information. The following 
information shall be included when water supply treatment is 
provided in accordance with 23.1.5: 


(1) Type of condition that requires treatment 
(2) Type of treatment needed to address the problem 
(3) Details of treatment plan 


22.3 Hydraulic Calculation Forms. 


22.3.1 General. Hydraulic calculations shall be prepared on 
form sheets that include a summary sheet, detailed worksheets, 
and a graph sheet. /See copies of typical forms in Figure A.22.3.2(a), 
Figure A.22.3.3, and Figure A.22.3.4.] 


22.3.2* Summary Sheet. The summary sheet shall contain the 
following information, where applicable: 


(1) Date 

(2) Location 

(3) Name of owner and occupant 

(4) Building number or other identification 
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(5) Description of hazard (for storage applications, the com- 
modity classification, storage height, and rack configura- 
tion shall be included) 

(6) Name and address of contractor or designer 

(7) Name of approving agency 

(8) System design requirements, as follows: 

(a) Design area of water application, ft? (m?) 

(b) Minimum rate of water application (density), gpm/ft? 
(mm/min). Where sprinklers are listed with minimum 
water application in gpm (L/min) or pressure in psi 
(bar), the minimum rate of water application shall be 
indicated in gpm (L/min) or pressure, psi (bar). 

(c) Area per sprinkler, ft? (m?) 

(9) Total water reguirements as calculated, including allow- 
ance for inside hose, outside hydrants, and water curtain 
and exposure sprinklers 

(10) Allowance for in-rack sprinklers, gpm (L/min) 
(11) Limitations (dimension, flow, and pressure) on ex- 
tended coverage or other listed special sprinklers 


22.3.3* Detailed Worksheets. Detailed worksheets or com- 
puter printout sheets shall contain the following information: 


(1) Sheet number 
(2) Sprinkler description and discharge constant (K) 
(3) Hydraulic reference points 
(4) Flow in gpm (L/min) 
(5) Pipe size 
(6) Pipe lengths, center-to-center of fittings 
(7) Equivalent pipe lengths for fittings and devices 
(8) Friction loss in psi/ft (bar/m) of pipe 
(9) Total friction loss between reference points 
(10) In-rack sprinkler demand balanced to ceiling demand 
(11) Elevation head in psi (bar) between reference points 
(12) Required pressure in psi (bar) at each reference point 
(13) Velocity pressure and normal pressure if included in cal- 
culations 
(14) Notes to indicate starting points or reference to other 
sheets or to clarify data shown 
(15)*Diagram to accompany gridded system calculations to 
indicate flow quantities and directions for lines with 
sprinklers operating in the remote area 
(16) Combined K-factor calculations for sprinklers on drops, 
armovers, or sprigs where calculations do not begin at 
the sprinkler 


22.3.4* Graph Sheet. A graphic representation of the com- 
plete hydraulic calculation shall be plotted on semiexponen- 
tial graph paper (Q'*’) and shall include the following: 
(1) Water supply curve 

(2) Sprinkler system demand 

(3) Hose allowance (where applicable) 

(4) In-rack sprinkler demand (where applicable) 


22.3.5 Computer Generated Hydraulic Reports. 
22.3.5.1* General. 


22.3.5.1.1 Hydraulic calculations shall be prepared on form 
sheets that include a summary sheet, a graph sheet, a water 
supply analysis, a node analysis, and detailed worksheets. 


22.3.5.1.2 The data shall be presented in the order shown in 
Figure 22.3.5.1.2(a) through Figure 22.3.5.1.2(d). 
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HYDRAULIC CALCULATIONS 
for 


Project name: 


Location: 


Drawing no.: 


Design 


Remote area number: 


Remote area location: 


Occupancy classification: 


Density: 


Area of application: 


Coverage per sprinkler: 


Type of sprinklers calculated: 


No. of sprinklers calculated: 


In-rack demand: 


Hose streams: 


Total water required (including hose streams): 


Type of system: 


Volume of dry or preaction system: 


Water supply information 


Date: 


Location: 


Source: 


Name of contractor: 


Address: 


Phone number: 


Name of designer: 


Authority having jurisdiction: 


Notes: (Include peaking information or gridded systems here.) 
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FIGURE 22.3.5.1.2(a) Summary Sheet. 
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FLOW TEST SUMMARY SHEET 


N 1.85 
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FIGURE 22.3.5.1.2(b) Graph Sheet. 


ie 2010 Edition 


Posted by Public.Resource.Org. Not affiliated with NFPA 


PLANS AND CALCULATIONS 13-221 


SUPPLY ANALYSIS 
Node at Static Residual Available 
Source Pressure Pressure Flow Pressure Total Demand Required Pressure 


NODE ANALYSIS 


Pressure Discharge 
Node Tag | Elevation | Node Type at Node at Node 
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FIGURE 22.3.5.1.2(c) Supply and Node Analysis Sheet. 
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Flow added 
— this step 


(q) 
(Q) 


© 2009 National Fire Protection Association 


Elev 1 


Node 1 (ft) 


Elev 2 


Node 2 (ft) 


data 1 


data 1 


S 
SA 
S 
"$ 


PIPE INFORMATION 


ct | total Pp | 
total (P,) 
Fittings — Pastor 


guantity elev (P3) 
e 


frict (Pp 


data 
data data 


data 
data 
data data data 
data data data data 1 
data 
data 
data 
data 
data 


FIGURE 22.3.5.1.2(d) Detailed Work Sheet. 
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22.3.5.2 Summary Sheet. /See Figure 22.3.5.1.2(a).] The sum- 
mary sheet shall contain the following information, where ap- 
plicable: 


(1) Project name and date 

(2) Location (including street address) 

(3) Drawing number 

(4) Remote area number 

(5) Remote area location 

(6) Occupancy or commodity classification 

(7) System design requirements, as follows: 

(a) Design area of water application, ft? (m?) 

(b) Minimum rate of water application (density), gpm/ ft? 
(mm/min) 

(c) Area per sprinkler, ft? (m°) 

(8) Total water requirements as calculated, including allow- 
ance for inside hose, outside hydrants, water curtain and 
exposure sprinklers, and allowance for in-rack sprin- 
klers, gpm (L/min) 

(9) Type of system and, if dry or preaction, the volume of the 
system in gallons (liters) 

(10) Water supply information, including the following: 
(a) Date 
(b) Location 
(c) Source 
(d) Elevation relative to finished floor 

(11) Name and address of installing contractor 

(12) Name of designer 

(13) Authority having jurisdiction 

(14) Notes that include items such as peaking information for 
calculations performed by a computer program, limita- 
tions (dimension, flow, and pressure) on extended cov- 
erage or other listed special sprinklers 


22.3.5.3 Graph Sheet. [See Figure 22.3.5.1.2(b).] A graphic rep- 
resentation of the complete hydraulic calculation shall be 
plotted on semiexponential graph paper (Q'*?) and shall in- 
clude the following: 


(1) Water supply curve 

(2) Sprinkler system demand 

(3) Hose demand (where applicable) 

(4) In-rack sprinkler demand (where applicable) 

(5) Additional pressures supplied by a fire pump or other 
source (when applicable) 


22.3.5.4 Supply Analysis. [See Figure 22.3.5.1.2(c).] Information 
summarized from the graph sheet shall include the following: 


(1) Node tag at the source 

(2) Static pressure [psi (bar) | available at the source 

(3) Residual pressure [psi (bar) ] available at the source 

(4) Total flow [gpm (L/min) | available at the source 

(5) Available pressure [psi (bar) ] at the source when the total 
calculated demand is flowing 

(6) Total calculated demand [gpm (L/min) ] at the source 

(7) Required pressure [psi (bar)] when flowing total calcu- 
lated demand 


22.3.5.5 Node Analysis. [See Figure 22.3.5.1.2(d).] Organized 
information regarding the node tags given to each hydraulic 
reference point on the system as indicated on the shop draw- 
ings shall include the following information: 


(1) Node tag for each specific point on the system used in the 
hydraulic calculations 


(2) Elevation in ft (m) of each node tag 

(3) K-factor of flowing nodes (such as sprinklers) 

(4) Hose allowance in gpm (L/min) requirements for the 
node tag 

(5) Pressure in psi (bar) at the node 

(6) Discharge in gpm (L/min) calculated at the node 

(7) Notes that indicate any special requirements for the node 


22.3.5.6 Detailed Worksheets. Detailed worksheets or com- 
puter printout sheets shall contain the following information: 


(1) Sheet number 
(2) Hydraulic reference points used in each step 
(3) Elevation in ft (m) at each hydraulic reference point 
(4) Sprinkler description and discharge constant (K) for the 
flowing reference point 
(5) Flow in gpm (L/min) for the flowing reference point 
(when applicable) 
(6) Total flow in gpm (L/min) through each step 
(7) Nominal pipe size in in. (mm) 
(8) Actual internal diameter of pipe in in. (mm) 
(9) Quantity and length in ft (m) of each type of fitting and 
device 
(10) Pipe lengths in ft (m), center-to-center of fittings 
(11) Equivalent pipe lengths in ft (m) of fittings and devices 
for the step 
(12) Total equivalent length in ft (m) of pipes and fitting for 
the step 
(13) C-factor used in each step 
(14) Friction loss in psi/ft (bar/m) of pipe 
(15) Sum of the pressures from the previous step (starting 
pressure at beginning) 
(16) Elevation head in psi (bar) between reference points 
(17) Total friction loss in psi (bar) between reference points 
(18) Required pressure in psi (bar) at each reference point 
(19) Notes and other information shall include the following: 
(a) Velocity pressure and normal pressure if included in 
calculations 
(b) In-rack sprinkler demand balanced to ceiling demand 
(c) Notes to indicate starting points or reference to 
other sheets or to clarify data shown 
(d) Diagram to accompany gridded system calculations 
to indicate flow quantities and directions for lines 
with sprinklers operating in the remote area 
(e) Combined K-factor calculations for sprinklers on 
drops, armovers, or sprigs where calculations do not 
begin at the sprinkler 
(f) The pressure (psi) loss assigned the backflow device 
when included on a system 


22.4 Hydraulic Calculation Procedures. 
22.4.1* General. 


22.4.1.1 A calculated system for a building, or a calculated 
addition to a system in an existing sprinklered building, shall 
supersede the rules in this standard governing pipe schedules, 
except that all systems shall continue to be limited by area. 


22.4.1.2 Pipe sizes shall be no less than 1 in. (25 mm) nomi- 
nal for ferrous piping and Y4 in. (20 mm) nominal for copper 
tubing or nonmetallic piping listed for fire sprinkler service. 


22.4.1.3 The size of pipe, number of sprinklers per branch 
line, and number of branch lines per cross main shall other- 
wise be limited only by the available water supply. 


22.4.1.4 However, sprinkler spacing and all other rules cov- 
ered in this and other applicable standards shall be observed. 
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22.4.1.5 Hydraulic calculations shall extend to the effective 
point of the water supply where the characteristics of the water 
supply are known. 


22.4.2 Formulas. 
22.4.2.1 Friction Loss Formula. 


22.4.2.1.1 Pipe friction losses shall be determined on the ba- 
sis of the Hazen—Williams formula, as follows: 


45205 


p= ciq 


where: 

p = frictional resistance (psi per ft of pipe) 
Q = flow (gpm) 

C = friction loss coefficient 

d = actual internal diameter of pipe (in.) 


22.4.2.1.2 For SI units, the following equation shall be used: 


Pm = frictional resistance (bar per m of pipe) 
Qn = flow (L/min) 

C = friction loss coefficient 
actual internal diameter (mm) 


a 
Il 


22.4.2.1.3 For antifreeze solutions greater than 40 gal in size, 
the friction loss shall also be calculated using the Darcy- 
Weisbach formula: 


2 
AP =0.000216 f pg 
where: 
AP = friction loss (psi) 
f = friction loss factor from Moody diagram 
l = length of pipe or tube (ft) 
p = density of fluid (Ib/ft*) 
Q = flow in pipe or tube (gpm) 
d = inside diameter of tube (in.) 


22.4.2.2 Velocity Pressure Formula. Velocity pressure shall be 
determined on the basis of the following formula: 


2 
P= aa 
where: 
P, = velocity pressure (psi) (SI: 1 psi = 0.0689 bar) 
Q = flow (gpm) (SI: 1 gal = 3.785 L) 
D = inside diameter (in.) (SI: 1 in. = 25.4 mm) 


22.4.2.3 Normal Pressure Formula. Normal pressure (P,,) 
shall be determined on the basis of the following formula: 


P=P-P 


n t u 
where: 
P, = normal pressure 
P, = total pressure [psi (bar) | 
P, = velocity pressure [psi (bar) | 


u 


22.4.2.4 Hydraulic Junction Points. 


22.4.2.4.1 Pressures at hydraulic junction points shall bal- 
ance within 0.5 psi (0.03 bar). 


B 2010 Edition 


22.4.2.4.2 The highest pressure at the junction point, and the 
total flows as adjusted, shall be carried into the calculations. 


22.4.2.4.3 Pressure balancing shall be permitted through the 
use of a K-factor developed for branch lines or portions of 
systems using K,=Q/(p)°”. 


22.4.3 Equivalent Pipe Lengths of Valves and Fittings. 
22.4.3.1 Pipe and Fittings. 


22.4.3.1.1 Table 22.4.3.1.1 shall be used to determine the 
equivalent length of pipe for fittings and devices unless manu- 
facturer’s test data indicate that other factors are appropriate. 


22.4.3.1.2 For saddle-type fittings having friction loss greater 
than that shown in Table 22.4.3.1.1, the increased friction loss 
shall be included in hydraulic calculations. 


22.4.3.1.3 Equivalent Length Modifier. 


22.4.3.1.3.1 For internal pipe diameters different from 
Schedule 40 steel pipe [Schedule 30 for pipe diameters 
8 in. (200 mm) and larger], the equivalent length shown in 
Table 22.4.3.1.1 shall be multiplied by a factor derived from 


the following formula: 
4.87 
| = Factor 


22.4.3.1.3.2 The factor thus obtained shall be further modi- 
fied as required by Table 22.4.3.1.1. This table shall apply to 
other types of pipe listed in Table 22.4.3.1.1 only where modi- 
fied by factors from 22.4.3.1.1 and 22.4.3.2. 


Actual inside diameter 
Schedule 40 steel pipe inside diameter 


22.4.3.2 C Factors. Table 22.4.3.1.1 shall be used with a 
Hazen—Williams C factor of 120 only. 


22.4.3.2.1 For other values of C, the values in Table 22.4.3.1.1 
shall be multiplied by the factors indicated in Table 22.4.3.2.1. 


22.4.3.3 Valves. Specific friction loss values or equivalent pipe 
lengths for alarm valves, dry pipe valves, deluge valves, strain- 
ers, and other devices shall be made available to the authority 
having jurisdiction. 


22.4.3.4 Differing Values. Specific friction loss values or 
equivalent pipe lengths for listed fittings not in Table 6.4.1 
shall be used in hydraulic calculations where these losses or 
equivalent pipe lengths are different from those shown in 
Table 22.4.3.1.1. 


22.4.4* Calculation Procedure. 


22.4.4.1* For all systems the design area shall be the hydrauli- 
cally most demanding based on the criteria of Chapter 11, 
Chapter 12, or the special design approaches in accordance 
with the requirements of Chapter 21. 


22.4.4.1.1 Density/Area Method. 


22.4.4.1.1.1* Where the design is based on the density/area 
method, the design area shall be a rectangular area having a 
dimension parallel to the branch lines at least 1.2 times the 
square root of the area of sprinkler operation (A) used, which 
shall permit the inclusion of sprinklers on both sides of the 
cross main. 


22.4.4.1.1.2 Any fractional sprinkler shall be carried to the 
next higher whole sprinkler. 
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Table 22.4.3.1.1 Eguivalent Schedule 40 Steel Pipe Length Chart 
Fittings and Valves Expressed in Eguivalent Feet (Meters) of Pipe 
Wine “in. lin, 1%4in. Iin. 2in 2in. 3in. 3% in. 4in. 5 in. 6 in. 8 in. 10 in. 12 in. 
Fittingsand AA www -—-—— 
Valves (15 mm) (20 mm) (25 mm) (32 mm) (40 mm) (50 mm) (65 mm) (80 mm) (90 mm) (100 mm) (125 mm) (150 mm) (200 mm) (250 mm) (300 mm) 
45” elbow — 1 1 1 2 2 3 3 3 4 5 7 9 11 13 
(0.3) (0.3) (0.3) (0.6) (0.6) (0.9) (0.9) (0.9) (1.2) (1.5) (2.1) (2:7) (3.4) (4) 
90° standard 1 2 2 3 4 5 6 7 8 10 12 14 18 22 27 
elbow (0.3) (0.6) (0.6) (09 (29 (5) (1.8) (21) (24) (3) (3.7) (4.3) (5.5) (6.7) (8.2) 
90° long-turn 0.5 1 2 2 2 3 4 5 5 6 8 9 13 16 18 
elbow (0.2) (0.3) (0.6) (0.6) (0.6) (09 a29 5) (5) (4.8) (2.4) (2.7) (4) (4.9) (5.5) 
Tee or cross (flow 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 
turned 90°) (0.9) (1.2) (1.5) (1.8) (2.4) (3) (3.7) (4.6) (5.2) (6.1) (7.6) (9.1) (10.7) (15.2) (18.3) 
Butterfly valve — — — — — 6 7 10 — 12 9 10 12 19 21 
(1.8) (21) (3) (3.7) (2.7) (3) (3.7) (5.8) (6.4) 
Gate valve — — — — — 1 1 1 1 2 2 3 4 5 6 
(0.3) (0.3) (0.3) (0.3) (0.6) (0.6) (0.9) (1.2) (1.5) (1.8) 
Swing check" — — 5 ti 9 11 14 16 19 22 27 32 45 55 65 


A5) (21) (27) (8.4) (43) 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 


(4.9) (5.8) (6.7) (8.2) (9.3) (13.7) (16.3) (20) 


Note: Information on 44 in. pipe is included in this table only because it is allowed under 8.15.19.4 and 8.15.19.5. 
“Due to the variation in design of swing check valves, the pipe eguivalents indicated in this table are considered average. 


Table 22.4.3.2.1 C Value Multiplier 


Value of C 100 130 140 150 
Multiplying factor 0.713 1.16 1.33 1.51 


Note: These factors are based upon the friction loss through the fit- 
ting being independent of the C factor available to the piping. 


22.4.4.1.1.3 In systems having branch lines with an insuffi- 
cient number of sprinklers to fulfill the 1.2 requirement, the 
design area shall be extended to include sprinklers on adja- 
cent branch lines supplied by the same cross main. 


22.4.4.1.2 Room Design Method. Where the design is based 
on the room design method, the calculation shall be based on 
the room and communicating space, if any, that is hydrauli- 
cally the most demanding. (See 11.2.3.3.) 


22.4.4.2 CMSA Sprinkler Method. 


22.4.4.2.1 For CMSA sprinklers, the design area shall be a 
rectangular area having a dimension parallel to the branch 
lines at least 1.2 times the square root of the area protected by 
the number of sprinklers to be included in the design area. 


22.4.4.2.2 Any fractional sprinkler shall be carried to the 
next higher whole sprinkler. 


22.4.4.3 ESFR Sprinkler Method. For ESFR sprinklers, the de- 
sign area shall consist of the most hydraulically demanding 
area of 12 sprinklers, consisting of four sprinklers on each of 
three branch lines, unless other specific numbers of design 
sprinklers are required in other sections of this standard. 


22.4.4.4* Gridded Systems. 


22.4.4.4.1 For gridded systems, the designer shall verify that 
the hydraulically most demanding area is being used. 


22.4.4.4.2 A minimum of two additional sets of calculations 
shall be submitted to demonstrate peaking of demand area 
friction loss when compared to areas immediately adjacent on 
either side along the same branch lines, unless the require- 
ments of 22.4.4.4.3 are met. 


22.4.4.4.3 Computer programs that show the peaking of the 
demand area friction loss shall be acceptable based on a single 
set of calculations. 


22.4.4.5 Design Densities. 


22.4.4.5.1* For antifreeze systems greater than 40 gal (151 L) 
in size, the friction loss shall also be calculated using the 
Darcy-Weisbach equation shown in 22.4.2.1.3 using a Moody 
diagram, e-factors that are representative of aged pipe, and 
adjusted K-factors for fluid properties. The discharge from in- 
dividual sprinklers shall be based on adjusted K-factors for 
fluid properties and shall be determined on the basis of the 


following formula: 
K, 79K.) 
where: 


= K-factor adjusted for fluid properties 
K,, = K-factor used when calculating with water 
Ya = specific weight of the fluid (density in Ib/ft*) 


A 
l 


22.4.4.5.2* System piping shall be hydraulically designed us- 
ing design densities and areas of operation in accordance with 
11.2.3.2 or Chapter 12 as required for the occupancies or haz- 
ards involved. 


22.4.4.5.3* The density shall be calculated on the basis of floor 
area of sprinkler operation. Where sprinklers are installed un- 
der a sloped ceiling, the area used for this calculation shall be 
the horizontal plane below the sprinklers. 


22.4.4.5.4 The area covered by any sprinkler used in hydrau- 
lic design and calculations shall be the horizontal distances 
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measured between the sprinklers on the branch line and be- 
tween the branch lines in accordance with 8.5.2. 


22.4.4.5.5* Where sprinklers are installed above and below a 
ceiling or in a case where more than two areas are supplied 
from a common set of branch lines, the branch lines and sup- 
plies shall be calculated to supply the largest water demand. 


22.4.4.5.6* For sloped ceiling applications, the area of sprin- 
kler application for density calculations shall be based upon 
the projected horizontal area. 


22.4.4.6* Design Area Sprinklers. 


22.4.4.6.1 Each sprinkler in the design area and the remainder 
of the hydraulically designed system shall discharge at a flow rate 
at least equal to the stipulated minimum water application rate 
(density) multiplied by the area of sprinkler operation. 


22.4.4.6.1.1 Where sprinklers are required to discharge a spe- 
cific flow or pressure rather than a density, each sprinkler in 
the design area shall discharge at a flow or pressure at least 
equal to the minimum required. 


22.4.4.6.2* Where the design area is equal to or greater than 
the area in Table 22.4.4.6.2 for the hazard being protected by 
the sprinkler system, the discharge for sprinklers protecting 
small rooms such as closets, washrooms, and similar small 
compartments that are in the design area shall be permitted to 
be omitted from the hydraulic calculations. 


Table 22.4.4.6.2 Minimum Design Area 


Minimum Design Area to 
Omit Discharge from 
Sprinklers in Small 
Rooms in Design Area 
Occupancy Hazard Classification (ft?) 
Light hazard—wet pipe system 1500 
Light hazard-dry pipe system 1950 
Ordinary hazard—wet pipe system 1500 
Ordinary hazard-dry pipe system 1950 
Extra hazard—wet pipe system 2500 
Extra hazard—dry pipe system 3250 
22.4.4.6.2.1 The sprinklers in these small compartments shall 


be capable of discharging the minimum density appropriate for 
the hazard they protect in accordance with Figure 11.2.3.1.1. 


22.4.4.6.2.2 The requirements of 22.4.4.6.2 shall only apply 
where the area of application is equal to or greater than the area 
shown in Table 22.4.4.6.2 for the appropriate hazard classifica- 
tion (including a 30 percent increase for dry pipe systems). 


22.4.4.6.3 The requirements of 22.4.4.6.1.1 to include every 
sprinkler in the design area shall not apply where spray sprin- 
klers or CMSA sprinklers are provided above and below ob- 
structions such as wide ducts or tables. 


22.4.4.6.3.1 The water supply for one of the levels of sprin- 
klers shall be permitted to be omitted from the hydraulic ceil- 
ing design calculations within the area of application. 


22.4.4.6.4 The requirements of 22.4.4.6.1.1 to include every 
sprinkler in the design area shall not apply where ESFR sprin- 
klers are installed above and below obstructions. 
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22.4.4.6.4.1 The discharge for up to two sprinklers from one 
of the levels shall be included with those of the other level in 
the hydraulic calculation. 


22.4.4.6.5 Water demand of sprinklers installed in concealed 
spaces or under obstructions such as ducts and cutting tables 
shall not be required to be added to ceiling demand. 


22.4.4.6.6 Calculations shall begin at the hydraulically most 
remote sprinkler. 


22.4.4.6.7 The calculated pressure at each sprinkler shall be 
used to determine the discharge flow rate for that particular 
sprinkler. 


22.4.4.6.8 Where sprinklers are installed under a sloped ceil- 
ing, the area shall be calculated on a horizontal plane below 
the sprinklers. 


22.4.4.7 Friction Loss. Pipe friction loss shall be calculated in 
accordance with the Hazen—Williams formula with C values 
from Table 22.4.4.7, as follows: 


(1) Include pipe, fittings, and devices such as valves, meters, 
flow switches in pipes 2 in. or less in size, and strainers, 
and calculate elevation changes that affect the sprinkler 
discharge. 

(2) Tie-in drain piping shall not be included in the hydraulic 
calculations. 

(3) Calculate the loss for a tee or a cross where flow direc- 
tion change occurs based on the equivalent pipe length 
of the piping segment in which the fitting is included. 

(4) The tee at the top of a riser nipple shall be included in 
the branch line, the tee at the base of a riser nipple shall 
be included in the riser nipple, and the tee or cross at a 
cross main-feed main junction shall be included in the 
cross main. 

(5) Do not include fitting loss for straight-through flow in a 
tee or cross. 

(6) Calculate the loss of reducing elbows based on the 
eguivalent feet value of the smallest outlet. 

(7) Use the eguivalent feet value for the standard elbow on any 
abrupt 90 degree turn, such as the screw-type pattern. 

(8) Use the eguivalent feet value for the long-turn elbow on 
any sweeping 90 degree turn, such as a flanged, welded, 
or mechanical joint-elbow type. (See Table 22.4.3.1.1.) 

(9) Friction loss shall be excluded for the fitting directly 
connected to a sprinkler. 

(10) Losses through a pressure-reducing valve shall be included 
based on the normal inlet pressure condition. Pressure loss 
data from the manufacturer’s literature shall be used. 


22.4.4.8* Orifice Plates. 


22.4.4.8.1 Orifice plates shall not be used for balancing the 
system. 


22.4.4.8.2 Unless the requirements of 22.4.4.8.3 or 22.4.4.8.4 
are met, mixing of sprinklers of different orifice sizes by reduc- 
ing the orifice size of adjacent sprinklers on the same branch 
line leading back to the main for the purpose of minimizing 
sprinkler over discharge shall not be permitted. 


22.4.4.8.3 Sprinklers with different orifice sizes shall be ac- 
ceptable for special use such as exposure protection, small 
rooms or enclosures, or directional discharge. (See 3.3.17 for 
definition of small rooms.) 


22.4.4.84 Extended-coverage and residential sprinklers with 
a different orifice size shall be acceptable for part of the pro- 
tection area where installed in accordance with their listing. 
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Table 22.4.4.7 Hazen—Williams C Values 


Pipe or Tube C Value" 
Unlined cast or ductile iron 100 
Black steel (dry systems including preaction) 100 
Black steel (wet systems including deluge) 120 
Galvanized (all) 120 
Plastic (listed) all 150 
Cement-lined cast or ductile iron 140 
Copper tube or stainless steel 150 
Asbestos cement 140 
Concrete 140 


“The authority having jurisdiction is permitted to consider other C 
values. 


22.4.4.9* Pressures. 


22.4.4.9.1 When calculating flow from an orifice, the total 
pressure (P,) shall be used, unless the calculation method of 
22.4.4.9.2 is utilized. 


22.4.4.9.2 Use of the normal pressure (P,,) calculated by sub- 
tracting the velocity pressure from the total pressure shall be 
permitted. Where the normal pressure is used, it shall be used 
on all branch lines and cross mains where applicable. 


22.4.4.9.3 Flow from a sprinkler shall be calculated using the 
nominal K-factor. 


22.4.4.10 Minimum Operating Pressure. 


22.4.4.10.1 Minimum operating pressure of any sprinkler 
shall be 7 psi (0.5 bar). 


22.4.4.10.2 Where a higher minimum operating pressure for 
the desired application is specified in the listing of the sprin- 
kler, this higher pressure shall be required. 


22.4.4.11 Maximum Operating Pressure. For extra hazard oc- 
cupancies, palletized, solid pile, in bin box, or on shelf stor- 
age, the maximum operating pressure of any sprinkler shall be 
175 psi (12.1 bar). 


22.5 Pipe Schedules. Pipe schedules shall not be used, except 
in existing systems and in new systems or extensions to existing 
systems described in Chapter 11. Water supplies shall conform 
to 11.2.2. 


22.5.1* General. 


22.5.1.1 The pipe schedule sizing provisions shall not apply 
to hydraulically calculated systems. 


22.5.1.2 Sprinkler systems having sprinklers with K-factors 
other than 5.6 nominal, listed piping material other than that 
covered in Table 6.3.1.1, extra hazard Group 1 and Group 2 
systems, and exposure protection systems shall be hydrauli- 
cally calculated. 


22.5.1.3 The number of automatic sprinklers on a given pipe 
size on one floor shall not exceed the number given in 22.5.2, 
22.5.3, or 22.5.4 for a given occupancy. 


22.5.1.4* Size of Risers. Each system riser shall be sized to 
supply all sprinklers on the riser on any one floor as deter- 
mined by the standard schedules of pipe sizes in 22.5.2, 22.5.3, 
or 22.5.4. 


22.5.1.5 Slatted Floors, Large Floor Openings, Mezzanines, 
and Large Platforms. Buildings having slatted floors or large 
unprotected floor openings without approved stops shall be 
treated as one area with reference to pipe sizes, and the feed 
mains or risers shall be of the size required for the total num- 
ber of sprinklers. 


22.5.1.6 Stair Towers. Stair towers, or other construction with 
incomplete floors, if piped on independent risers, shall be 
treated as one area with reference to pipe sizes. 


22.5.2 Schedule for Light Hazard Occupancies. 
22.5.2.1 Branch Lines. 


22.5.2.1.1 Unless permitted by 22.5.2.1.2 or 22.5.2.1.3, 
branch lines shall not exceed eight sprinklers on either side of 
a cross main. 


22.5.2.1.2 Where more than eight sprinklers on a branch line 
are necessary, lines shall be permitted to be increased to nine 
sprinklers by making the two end lengths 1 in. (25.4 mm) and 
1% in. (33 mm), respectively, and the sizes thereafter standard. 


22.5.2.1.3 Ten sprinklers shall be permitted to be placed ona 
branch line, making the two end lengths 1 in. (25.4 mm) and 
1% in. (33 mm), respectively, and feeding the tenth sprinkler 
by a 2% in. (64 mm) pipe. 


22.5.2.2 Pipe Sizes. 


22.5.2.2.1 Pipe sizes shall be in accordance with Table 
22.5.2.2.1, 


Table 22.5.2.2.1 Light Hazard Pipe Schedules 


Steel Copper 


l in. 2 sprinklers l in. 2 sprinklers 


1% in. 3 sprinklers 1% in. 3 sprinklers 
1% in. 5 sprinklers 1% in. 5 sprinklers 
2 in. 10 sprinklers 2in. 12 sprinklers 
2% in. 30 sprinklers din. 40 sprinklers 
3in. 60 sprinklers 3 in. 65 sprinklers 
3% in. 100 sprinklers 3% in. 115 sprinklers 
4in. See Section 8.2 4in. See Section 


8.2 


For SI units, 1 in. = 25.4 mm. 


22.5.2.2.2 Each area requiring more sprinklers than the 
number specified for 3% in. (89 mm) pipe in Table 22.5.2.2.1 
and without subdividing partitions (not necessarily fire walls) 
shall be supplied by mains or risers sized for ordinary hazard 
occupancies. 


22.5.2.3 Where sprinklers are installed above and below 
ceilings in accordance with Figure 22.5.2.3(a) through Fig- 
ure 22.5.2.3(c), and such sprinklers are supplied from a 
common set of branch lines or separate branch lines froma 
common cross main, such branch lines shall not exceed 
eight sprinklers above and eight sprinklers below any ceil- 
ing on either side of the cross main. 


22.5.2.4 Unless the requirements of 22.5.2.5 are met, pipe 
sizing up to and including 214 in. (64 mm) shall be as shown in 
Table 22.5.2.4 utilizing the greatest number of sprinklers to be 
found on any two adjacent levels. 
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1%2in. 1%2in. 1sin.1Yain. 1in. 1in. 


2in. 2in. 2in. 1%2in. 


For SI units, 1 in. = 25.4 mm. 


FIGURE 22.5.2.3(a) Arrangement of Branch Lines Supplying 
Sprinklers Above and Below a Ceiling. 


Upright sprinkler in 


go concealed space 


Reducer 


Ceiling 


FIGURE 22.5.2.3(b) Sprinkler on Riser Nipple from Branch 
Line in Lower Fire Area. 


22.5.2.5 Branch lines and cross mains supplying sprinklers 
installed entirely above or entirely below ceilings shall be sized 
in accordance with Table 22.5.2.2.1. 


22.5.2.6* Where the total number of sprinklers above and below 
a ceiling exceeds the number specified in Table 22.5.2.2.1 for 
21 in. (64 mm) pipe, the pipe supplying such sprinklers shall be 
increased to 3 in. (76 mm) and sized thereafter according to the 
schedule shown in Table 22.5.2.2.1 for the number of sprinklers 
above or below a ceiling, whichever is larger. 


22.5.3 Schedule for Ordinary Hazard Occupancies. 


22.5.3.1 Unless permitted by 22.5.3.2 or 22.5.3.3, branch lines 
shall not exceed eight sprinklers on either side of a cross main. 


22.5.3.2 Where more than eight sprinklers on a branch line are 
necessary, lines shall be permitted to be increased to nine sprin- 
klers by making the two end lengths 1 in. (25.4 mm) and 1Y4 in. 
(33 mm), respectively, and the sizes thereafter standard. 


22.5.3.3 Ten sprinklers shall be permitted to be placed on a 
branch line, making the two end lengths 1 in. (25.4 mm) and 
1% in. (33 mm), respectively, and feeding the tenth sprinkler 
by a 2% in. (64 mm) pipe. 


22.5.3.4 Pipe sizes shall be in accordance with Table 22.5.3.4. 


22.5.3.5 Where the distance between sprinklers on the 
branch line exceeds 12 ft (3.7 m) or the distance between the 
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branch lines exceeds 12 ft (3.7 m), the number of sprinklers 
for a given pipe size shall be in accordance with Table 22.5.3.5. 


22.5.3.6 Where sprinklers are installed above and below ceil- 
ings and such sprinklers are supplied from a common set of 
branch lines or separate branch lines supplied by a common 
cross main, such branch lines shall not exceed eight sprinklers 
above and eight sprinklers below any ceiling on either side of 
the cross main. 


22.5.3.7 Pipe sizing up to and including 3 in. (76 mm) shall be 
as shown in Table 22.5.3.7 in accordance with Figure 22.5.2.3(a), 
Figure 22.5.2.3(b), and Figure 22.5.2.3(c) utilizing the greatest 
number of sprinklers to be found on any two adjacent levels. 


22.5.3.8 Branch lines and cross mains supplying sprinklers 
installed entirely above or entirely below ceilings shall be sized 
in accordance with Table 22.5.3.4 or Table 22.5.3.5. 


22.5.3.9* Where the total number of sprinklers above and below 
a ceiling exceeds the number specified in Table 22.5.3.7 for 3 in. 
(76 mm) pipe, the pipe supplying such sprinklers shall be in- 
creased to 3% in. (89 mm) and sized thereafter according to the 
schedule shown in Table 22.5.2.2.1 or Table 22.5.3.4 for the num- 
ber of sprinklers above or below a ceiling, whichever is larger. 


22.5.3.10 Where the distance between the sprinklers protect- 
ing the occupied area exceeds 12 ft (3.7 m) or the distance 
between the branch lines exceeds 12 ft (3.7 m), the branch 
lines shall be sized in accordance with either Table 22.5.3.5, 
taking into consideration the sprinklers protecting the occu- 
pied area only, or Table 22.5.3.7, whichever requires the 
greater size of pipe. 


22.5.4* Extra Hazard Occupancies. Extra hazard occupancies 
shall be hydraulically calculated. 


22.6 Deluge Systems. Open sprinkler and deluge systems shall 
be hydraulically calculated according to applicable standards. 


22.7* Exposure Protection Sprinkler Systems. 


22.7.1 Exposure protection sprinkler systems shall be hydrau- 
lically calculated using Table 22.7.1 based on severity of expo- 
sure as indicated by a relative classification of guide number or 
other approved source. 


22.7.2 In no case shall compliance with Table 22.7.1 result in 
a sprinkler discharge pressure below 7 psi (0.49 bar). 


22.7.3 Only half of the flow from upright, pendent, and other 
nondirectional sprinklers shall be used in determining the 
minimum average application rate over the protected surface. 


22.7.4 The water supply shall be capable of simultaneously sup- 
plying the total demand of sprinklers along an exposure to a 
maximum length of 300 ft (91.4 m). Where systems of open 
sprinklers are used, the water supply shall be capable of simulta- 
neously flowing all sprinklers that would flow as part of all systems 
that could be actuated within any 300 ft (91.4 m) length. 


22.7.5 The water supply duration for an exposure protection 
sprinkler system shall be a minimum of 60 minutes. 


22.7.6 A level of window sprinklers as described in Table 22.7.1 
shall be defined as a floor level of the building being protected. 


22.7.7 Window sprinklers shall be permitted to cover more 
than 25 ft? (2.3 m”) of window area per level. 


22.7.7.1 The starting pressure shall be calculated based on 
the application rate over 25 ft? (2.3 m”) of window area as 
indicated in Table 22.7.1. 
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FIGURE 22.5.2.3(c) Arrangement of Branch Lines Supplying Sprinklers Above, 
in Between, and Below Ceilings. 
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Table 22.5.2.4 Number of Sprinklers Above and Below a 
Ceiling 


Table 22.5.3.5 Number of Sprinklers — Greater Than 12 ft 
(3.7 m) Separations 


Steel Copper Steel Copper 
lin. 2 sprinklers lin. 2 sprinklers 2 in. 15 sprinklers 24% in 20 sprinklers 
1% in. 4 sprinklers 1% in. 4 sprinklers 3 in. 30 sprinklers 3 in. 35 sprinklers 
14% in. 7 sprinklers 1% in. 7 sprinklers 3% in. 60 sprinklers 3% in. 65 sprinklers 
2 in. 15 sprinklers 2 in. 18 sprinklers 
2% in.. 50 sprinklers 24% in. 65 sprinklers For SI units, 1 in. = 25.4 mm. 


For SI units, 1 in. = 25.4 mm. 


Table 22.5.3.4 Ordinary Hazard Pipe Schedule 


Steel Copper 
lin. 2 sprinklers lin. 2 sprinklers 
1% in. 3 sprinklers 1% in. 3 sprinklers 
1% in. 5 sprinklers 1% in. 5 sprinklers 
2 in. 10 sprinklers 2in. 12 sprinklers 
2% in.. 20 sprinklers 2% in. 25 sprinklers 
3in. 40 sprinklers 3in. 45 sprinklers 
3% in. 65 sprinklers 3% in. 75 sprinklers 
4in. 100 sprinklers 4 in. 115 sprinklers 
5 in. 160 sprinklers 5 in. 180 sprinklers 
6 in. 275 sprinklers 6 in. 300 sprinklers 
8 in. See Section 8.2 8 in. See Section 8.2 


For SI units, 1 in. = 25.4 mm. 


Note: For other pipe and tube sizes, see Table 22.5.3.4. 


Table 22.5.3.7 Number of Sprinklers Above and Below a 
Ceiling 


Steel Copper 
lin. 2 sprinklers lin. 2 sprinklers 
1% in. 4 sprinklers 1% in. 4 sprinklers 
1% in. 7 sprinklers 1% in. 7 sprinklers 
2 in. 15 sprinklers 2in. 18 sprinklers 
2 in. 30 sprinklers 2 in. 40 sprinklers 
3in. 60 sprinklers 3in. 65 sprinklers 


For SI units, 1 in. = 25.4 mm. 
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Table 22.7.1 Exposure Protection 


Section A — Wall and Window Sprinklers 


Minimum Average 


Application Rate 
Over Protected 
Level of Wall Minimum Discharge Surface 
Exposure Guide or Window Nominal Coefficient m——— 
Severity Number Sprinklers K-Factor (K-Factor) gpm/ft? mm/min 
Light 1.50 or less Top 2 levels 2.8 (40) 2.8 (40) 0.20 8.1 
Next lower 2 levels 1.9 (27) 1.9 (27) 0.15 6.1 
Next lower 2 levels 1.4 (20) 1.4 (20) 0.10 4.1 
Moderate 1.5-2.20 Top 2 levels 5.6 (80) 5.6 (80) 0.30 12.2 
Next lower 2 levels 4.2 (60) 4.2 (60) 0.25 10.2 
Next lower 2 levels 2.8 (40) 2.8 (40) 0.20 8.1 
Severe »2.20 Top 2 levels 11.2 (161) 11.2 (161) 0.40 16.3 
Next lower 2 levels 8.0 (115) 8.0 (115) 0.35 14.3 
Next lower 2 levels 5.6 (80) 5.6 (80) 0.30 12.2 
Section B — Cornice Sprinklers 
Cornice Sprinkler 
Minimal Nominal Application Rate per Application Rate per 
Guide Number K-Factor Lineal Foot (gpm) Lineal Meter (L/min) 
1.50 or less 2.8 (40) 0.75 9.3 
»1.51-2.20 5.6 (80) 1.50 18.6 
>2.20 11.2 (161) 3.00 37.2 


For SI units, 1 in. = 25.4 mm; 1 gpm = 3.785 L/min; 1 gpm/ft? = 40.746 mm/min. 


22.7.7.2 The maximum spacing between window sprinklers 
shall not exceed 8 ft (2.44 m) unless listed for a greater distance. 


22.8 In-Rack Sprinklers. 


22.8.1 Pipes to in-rack sprinklers shall be sized by hydraulic 
calculations. 


22.8.2 Water demand of sprinklers installed in racks shall be 
added to ceiling sprinkler water demand over the same pro- 
tected area at the point of connection. 


22.8.3 The demand shall be balanced to the higher pressure. 


22.8.4 Water demand of sprinklers installed in racks or water 
curtains shall be added to the ceiling sprinkler water demand 
at the point of connection. Demands shall be balanced to the 
higher pressure. (See Chapter 8.) 


22.9 Hose Allowance. Water allowance for outside hose shall 
be added to the sprinkler and inside hose requirement at the 
connection to the city water main or a yard hydrant, whichever 
is closer to the system riser. 


Chapter 28 Water Supplies 


23.1 General. 


23.1.1 Number of Supplies. Every automatic sprinkler system 
shall have at least one automatic water supply. 
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23.1.2 Capacity. Water supplies shall be capable of providing 
the required flow and pressure for the required duration as 
specified in Chapter 11, Chapter 12, and Chapter 21. 


23.1.3 Size of Fire Mains. 


23.1.3.1 Except as provided in 23.1.3.2, no pipe smaller than 
6 in. (150 mm) in diameter shall be installed as a private ser- 
vice main. 


23.1.3.2* For mains that do not supply hydrants, sizes smaller 
than 6 in. (150 mm) shall be permitted to be used subject to 
the following restrictions: 


(1) The main supplies only automatic sprinkler systems, open 
sprinkler systems, water spray fixed systems, foam systems, 
or Class II standpipe systems. 

Hydraulic calculations show that the main will supply the 
total demand at the appropriate pressure. Systems that 
are not hydraulically calculated shall have a main at least 
as large as the system riser. 


(2) 


23.1.4 Underground Supply Pipe. For pipe schedule systems, 
the underground supply pipe shall be at least as large as the 
system riser. 


23.1.5* Water Supply Treatment. 


23.1.5.1 Water supplies and environmental conditions shall be 
evaluated for the existence of microbes and conditions that con- 
tribute to microbiologically influenced corrosion (MIC). Where 
conditions are found that contribute to MIC, the owner(s) shall 
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notify the sprinkler system installer and a plan shall be developed 
to treat the system using one of the following methods: 


(1) Install a water pipe that will not be affected by the MIC 
microbes 

(2) Treat all water that enters the system using an approved 
biocide 

(3) Implement an approved plan for monitoring the interior 
conditions of the pipe at established time intervals and 
locations 

(4) Install corrosion monitoring station and monitor at estab- 
lished intervals 


23.1.5.2 Water supplies and environmental conditions shall 
be evaluated for conditions that contribute to unusual corro- 
sive properties. Where conditions are found that contribute to 
unusual corrosive properties, the owner(s) shall notify the 
sprinkler system installer and a plan shall be developed to 
treat the system using one of the following methods: 


(1) Install a water pipe that is corrosion resistant 

(2) Treat all water that enters the system using an approved 
corrosion inhibitor 

(3) Implement an approved plan for monitoring the interior 
conditions of the pipe at established intervals and loca- 
tions 

(4) Install corrosion monitoring station and monitor at estab- 
lished intervals 


23.1.5.3 Where approved biocides and corrosion inhibitors 
are used together, they shall be compatible with each other 
and system components. 


23.1.6 Arrangement. 


23.1.6.1 Connection Between Underground and Aboveground 
Piping. 

23.1.6.1.1 The connection between the system piping and 
underground piping shall be made with a suitable transition 


piece and shall be properly strapped or fastened by approved 
devices. 


23.1.6.1.2 The transition piece shall be protected against pos- 
sible damage from corrosive agents, solvent attack, or me- 
chanical damage. 


23.1.6.2* Connection Passing Through or Under Foundation 
Walls. When system piping pierces a foundation wall below 
grade or is located under the foundation wall, clearance shall 
be provided to prevent breakage of the piping due to building 
settlement. 


23.1.7* Meters. Where meters are required by other authori- 
ties, they shall be listed. 


23.1.8* Connection from Waterworks System. 


23.1.8.1 The requirements of the public health authority hav- 
ing jurisdiction shall be determined and followed. 


23.1.8.2 Where equipment is installed to guard against pos- 
sible contamination of the public water system, such equip- 
ment and devices shall be listed for fire protection service. 


23.2 Types. 
23.2.1* Connections to Waterworks Systems. 


23.2.1.1 Aconnection to a reliable waterworks system shall be 
an acceptable water supply source. 


23.2.1.2* The volume and pressure of a public water supply 
shall be determined from waterflow test data or other ap- 
proved method. 


23.2.2* Pumps. A single automatically controlled fire pump 
installed in accordance with NFPA 20, Standard for the Installa- 
tion of Stationary Pumps for Fire Protection, shall be an acceptable 
water supply source. 


23.2.3 Pressure Tanks. 
23.2.3.1 Acceptability. 


23.2.3.1.1 A pressure tank installed in accordance with 
NFPA 22, Standard for Water Tanks for Private Fire Protection, shall 
be an acceptable water supply source. 


23.2.3.1.2 Pressure tanks shall be provided with an approved 
means for automatically maintaining the required air pressure. 


23.2.3.1.3 Where a pressure tank is the sole water supply, an 
approved trouble alarm shall also be provided to indicate low air 
pressure and low water level with the alarm supplied from an 
electrical branch circuit independent of the air compressor. 


23.2.3.1.4 Pressure tanks shall not be used to supply other 
than sprinklers and hand hose attached to sprinkler piping. 


23.2.3.2 Capacity. 


23.2.3.2.1 In addition to the requirements of 23.1.2, the wa- 
ter capacity of a pressure tank shall include the extra capacity 
needed to fill dry pipe or preaction systems where installed. 


23.2.3.2.2 The total volume shall be based on the water ca- 
pacity plus the air capacity required by 23.2.3.3. 


23.2.3.3* Water Level and Air Pressure. 


23.2.3.3.1 Pressure tanks shall be kept with a sufficient supply 
of water to meet the demand of the fire protection system as 
calculated in Chapter 22 for the duration required by Chap- 
ter 11, Chapter 12, or Chapter 21. 


23.2.3.3.2 The pressure shall be sufficient to push all of the 
water out of the tank while maintaining the necessary residual 
pressure (required by Chapter 22) at the top of the system. 


23.2.4 Gravity Tanks. An elevated tank installed in accor- 
dance with NFPA 22, Standard for Water Tanks for Private Fire 
Protection, shall be an acceptable water supply source. 


23.2.5 Penstocks, Flumes, Rivers, or Lakes. Water supply con- 
nections from penstocks, flumes, rivers, lakes, or reservoirs 
shall be arranged to avoid mud and sediment and shall be 
provided with approved double removable screens or ap- 
proved strainers installed in an approved manner. 


Chapter 24 Systems Acceptance 


24.1 Approval of Sprinkler Systems and Private Fire Service 
Mains. The installing contractor shall do the following: 


(1) Notify the authority having jurisdiction and the property 
owner or the property owner’s authorized representative 
of the time and date testing will be performed 

(2) Perform all required acceptance tests (see Section 24.2) 

(3) Complete and sign the appropriate contractor’s material 
and test certificate(s) (see Figure 24.1) 

(4) Remove all caps and straps prior to placing the sprinkler 
system in service 
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Contractor’s Material and Test Certificate for Aboveground Piping 


PROCEDURE 
Upon completion of work, inspection and tests shall be made by the contractor’s representative and witnessed by the property owner or 
their authorized agent. All defects shall be corrected and system left in service before contractor’s personnel finally leave the job. 


A certificate shall be filled out and signed by both representatives. Copies shall be prepared for approving authorities, owners, and 
contractor. It is understood the owner’s representative’s signature in no way prejudices any claim against contractor for faulty material, poor 
workmanship, or failure to comply with approving authority’s requirements or local ordinances. 


Property name Date 


Property address 


Accepted by approving authorities (names) 


Address 


Installation conforms to accepted plans 


Equipment used is approved 
If no, explain deviations 


Has person in charge of fire equipment been instructed as 
to location of control valves and care and maintenance 

of this new equipment? 

If no, explain 


Instructions 
Have copies of the following been left on the premises? 


1. System components instructions 
2. Care and maintenance instructions 
3. NFPA 25 


Location of 
alem Supplies buildings 

Orifice 
size 


Temperature 
rating 


Year of 


manufacture Quantity 


Sprinklers 


Pipe and 
fittings 


Type of pipe 
Type of fittings 


Maximum time to operate 

Alarm through test connection 

valve or 
flow 


indicator 


Alarm device 
Make 


Minutes Seconds 


Dry pipe 
operating 
test 


Dry valve 


Q. O. D. 


Make 


Model 


Serial no. 


Model 


Serial no. 


Time to trip 
through test 
connection®b 


Water 
pressure 


Air 
pressure 


Trip point 
air pressure 


Time water 
reached 
test outletab 


Alarm 
operated 
properly 


Minutes | Seconds 


psi 


psi 


psi 


Minutes | Seconds 


Yes No 


Without 
Q.0.D. 


With 
Q.0.D. 


If no, explain 


© 2009 National Fire Protection Association NFPA 13 (p. 1 of 3) 


a Measured from time inspector's test connection is opened 
b NFPA 13 only requires the 60-second limitation in specific sections 


FIGURE 24.1 Contractor’s Material and Test Certificate for Aboveground Piping. 
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Operation m Pneumatic 


LJ Electric 


Lj Hydraulics 


LJ Yes LI No 


Piping supervised 


Detecting media supervised 


Does valve operate from the manual trip, remote, or both 
control stations? 


Deluge and 
preaction 
valves 


Is there an accessible facility in each circuit 


for testing? 
m Yes m No 


If no, explain 


Does each circuit operate 
supervision loss alarm? 


Does each circuit operate 
valve release? 


Maximum time to 
operate release 


Yes 


No 


Yes 


No 


Minutes 


Seconds 


Pressure- 
reducing 
valve test 


Test 
description 


Blank testing 
gaskets 


Location 
and floor 


Make and 
model 


Setting 


Static pressure 


Residual pressure 
(flowing) 


Flow rate 


nlet (psi) Outlet (psi) Inlet (psi) Outlet (psi) Flow (gpm) 


Hydrostatic: Hydrostatic tests shall be made at not less than 200 psi (13.6 bar) for 2 hours or 50 psi (3.4 bar) 
above static pressure in excess of 150 psi (10.2 bar) for 2 hours. Differential dry pipe valve clappers shall be left 
open during the test to prevent damage. All aboveground piping leakage shall be stopped. 


Pneumatic: Establish 40 psi (2.7 bar) air pressure and measure drop, which shall not exceed 11⁄2 psi (0.1 bar) 

in 24 hours. Test pressure tanks at normal water level and air pressure and measure air pressure drop, which shall 
not exceed 11⁄2 psi (0.1 bar) in 24 hours. 

All piping hydrostatically tested at hours 
Dry piping pneumatically tested 
Equipment operates properly 


If no, state reason 


psi ( bar) for 
E Yes 4 No 


LJ Yes LJ No 


Do you certify as the sprinkler contractor that additives and corrosive chemicals, sodium silicate or derivatives 
of sodium silicate, brine, or other corrosive chemicals were not used for testing systems or stopping leaks? 


[ves LINo 


Drain Reading of gauge located near water 
test supply test connection: psi (—— bar) 


Residual pressure with valve in test 
connection open wide: psi (—— bar) 


Underground mains and lead-in connections to system risers flushed before connection made to 


sprinkler piping 
Verified by copy of the Contractor's Material and Test LJ Yes Lj No Other Explain 
Ld Yes m No 


Flushed by installer of underground sprinkler piping 


Certificate for Underground Piping. 
LJ Yes LJ No 


If powder-driven fasteners are used in concrete, 
has representative sample testing been 
satisfactorily completed? 


If no, explain 


Number used Locations Number removed 


Welding 


© 2009 National Fire Protection Association 


LJ Yes m No 


Welding piping 


If yes... 


Do you certify as the sprinkler contractor that welding procedures used complied with 
the minimum requirements of AWS B2.1, ASME Section IX Welding and Brazing 
Qualifications, or other applicable qualification standard as required by the AHJ? 


Do you certify that all welding was performed by welders or welding operators 
qualified in accordance with the minimum requirements of AWS B2.1, ASME Section 
IX Welding and Brazing Qualifications, or other applicable qualification standard as 
required by the AHJ? 


Do you certify that the welding was conducted in compliance with a documented 
quality control procedure to ensure that (1) all discs are retrieved; (2) that openings in 
piping are smooth, that slag and other welding residue are removed; (3) the internal 
diameters of piping are not penetrated; (4) completed welds are free from cracks, 
incomplete fusion, surface porosity greater than Y4s in. diameter, undercut deeper 
than the lesser of 25% of the wall thickness or 1⁄2 in., and (5) completed 
circumferential butt weld reinforcement does not exceed %2 in.? 
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Cutouts Do you certify that you have a control feature to ensure that 
(discs) all cutouts (discs) are retrieved? 


Hydraulic Nameplate provided If no, explain 


data 
nameplate Ll Yes [LJ No 


Sprinkler contractor removed all caps and straps? Lj Yes Ly No 


Date left in service with all control valves open 


Remarks 


Name of sprinkler contractor 


Tests witnessed by 


Signatures The property owner or their authorized agent (signed) Title 


For sprinkler contractor (signed) 


Additional explanations and notes 
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24.2 Acceptance Requirements. 
24.2.1* Hydrostatic Tests. 


24.2.1.1 Unless permitted by 24.2.1.2 through 24.2.1.8, all 
piping and attached appurtenances subjected to system work- 
ing pressure shall be hydrostatically tested at 200 psi (13.8 bar) 
and shall maintain that pressure without loss for 2 hours. 


24.2.1.2 Portions of systems normally subjected to system 
working pressures in excess of 150 psi (10.4 bar) shall be 
tested as described in 24.2.1.1, at a pressure of 50 psi (3.5 bar) 
in excess of system working pressure. 


24.2.1.3 Where cold weather will not permit testing with wa- 
ter, an interim air test shall be permitted to be conducted as 
described in 24.2.2. This provision shall not remove or replace 
the requirement for conducting the hydrostatic test as de- 
scribed in 24.2.1.1. 


24.2.1.4 Modifications affecting 20 or fewer sprinklers shall 
not require testing in excess of system working pressure. 


24.2.1.5 Where addition or modification is made to an exist- 
ing system affecting more than 20 sprinklers, the new portion 
shall be isolated and tested at not less than 200 psi (13.8 bar) 
for 2 hours. 


24.2.1.6 Modifications that cannot be isolated, such as relo- 
cated drops, shall not require testing in excess of system work- 
ing pressure. 


24.2.1.7 Loss shall be determined by a drop in gauge pres- 
sure or visual leakage. 


24.2.1.8* The test pressure shall be read from a gauge located 
at the low elevation point of the system or portion being 
tested. The pressures in piping at higher elevations shall be 
permitted to be less than 200 psi (13.8 bar) when accounting 
for elevation losses. Systems or portions of systems that can be 
isolated shall be permitted to be tested separately. 


24.2.1.9* Additives, corrosive chemicals such as sodium sili- 
cate, or derivatives of sodium silicate, brine, or similar acting 
chemicals shall not be used while hydrostatically testing sys- 
tems or for stopping leaks. 


24.2.1.10 Piping between the exterior fire department con- 
nection and the check valve in the fire department inlet pipe 
shall be hydrostatically tested in the same manner as the bal- 
ance of the system. After repair or replacement work affecting 
the fire department connection, the piping between the exte- 
rior and the check valve in the fire department inlet pipe shall 
be isolated and hydrostatically tested at 150 psi (10.3 bar). 


24.2.1.11 When systems are being hydrostatically tested, it 
shall be permitted to conduct test with pendent sprinklers or 
plugs installed in fittings. Any plugs shall be replaced with pen- 
dent sprinklers after the test is completed. 


24.2.1.112 When deluge systems are being hydrostatically 
tested, plugs shall be installed in fittings and replaced with 
open sprinklers after the test is completed, or the operating 
elements of automatic sprinklers shall be removed after the 
test is completed. 


24.2.1.13 Provision shall be made for the proper disposal of 
water used for flushing or testing. 


24.2.1.14* Test Blanks. 


24.2.1.14.1 Test blanks shall have painted lugs protruding in 
such a way as to clearly indicate their presence. 


24.2.1.14.2 The test blanks shall be numbered, and the in- 
stalling contractor shall have a record keeping method ensur- 
ing their removal after work is completed. 


24.2.1.15 When subject to hydrostatic test pressures, the clap- 
per of a differential-type valve shall be held off its seat to pre- 
vent damaging the valve. 


24.2.2 Dry Pipe and Double Interlock Preaction System(s) Air 
Test. 


24.2.2.1 In addition to the standard hydrostatic test, an air 
pressure leakage test at 40 psi (2.8 bar) shall be conducted for 
24 hours. Any leakage that results in a loss of pressure in excess 
of 1% psi (0.1 bar) for the 24 hours shall be corrected. 


24.2.2.2 Where systems are installed in spaces that are ca- 
pable of being operated at temperatures below 32°F (0°C), air 
pressure leakage tests required in 24.2.2 shall be conducted at 
the lowest nominal temperature of the space. 


24.2.3 System Operational Tests. 


24.2.3.1 Waterflow Devices. Waterflow detecting devices in- 
cluding the associated alarm circuits shall be flow tested 
through the inspector’s test connection and shall result in an 
audible alarm on the premises within 5 minutes after such 
flow begins and until such flow stops. 


24.2.3.2* Dry Pipe Systems. 


24.2.3.2.1 A working test of the dry pipe valve alone and with 
a quick-opening device, if installed, shall be made by opening 
the inspector’s test connection. 


24.2.3.2.2* The test shall measure the time to trip the valve 
and the time for water to be discharged from the inspector’s 
test connection. All times shall be measured from the time the 
inspector’s test connection is completely opened. 


24.2.3.2.2.1* Dry systems calculated for water delivery in ac- 
cordance with 7.2.3.6 shall be exempt from any specific deliv- 
ery time requirement. 


24.2.3.2.3 The results shall be recorded using the contrac- 
tor’s material and test certificate for aboveground piping (see 
Figure 24.1). 


24.2.3.3 Deluge and Preaction Systems. 


24.2.3.3.1 The automatic operation of a deluge or preaction 
valve shall be tested in accordance with the manufacturer’s 
instructions. 


24.2.3.3.2 The manual and remote control operation, where 
present, shall also be tested. 


24.2.3.4 Main Drain Valves. 


24.2.3.4.1 The main drain valve shall be opened and remain 
open until the system pressure stabilizes. 


24.2.3.4.2* The static and residual pressures shall be recorded 
on the contractor’s material and test certificate (see Figure 24.1). 


24.2.3.5 Operating Test for Control Valves. All control valves 
shall be fully closed and opened under system water pressure 
to ensure proper operation. 


24.2.4 Pressure-Reducing Valves. 


24.2.4.1 Each pressure-reducing valve shall be tested upon 
completion of installation to ensure proper operation under 


flow and no-flow conditions. 
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24.2.4.2 Testing shall verify that the device properly regulates 
outlet pressure at both maximum and normal inlet pressure 
conditions. 


24.2.4.3 The results of the flow test of each pressure-reducing 
valve shall be recorded on the contractor’s material and test 
certificate (see Figure 24.1). 


24.2.4.4 The results shall include the static and residual inlet 
pressures, static and residual outlet pressures, and the flow rate. 


24.2.5 Backflow Prevention Assemblies. 


24.2.5.1 The backflow prevention assembly shall be forward 
flow tested to ensure proper operation. 


24.2.5.2 The minimum flow rate shall be the system demand, 
including hose stream allowance where applicable. 


24.2.6 Exposure Systems. Operating tests shall be made of 
exposure protection systems upon completion of the installa- 
tion, where such tests do not risk water damage to the building 
on which they are installed or to adjacent buildings. 


24.3 Circulating Closed Loop Systems. 


24.3.1 For sprinkler systems with non-fire protection con- 
nections, additional information shall be appended to the 
contractor’s material and test certificate for aboveground pip- 
ing shown in Figure 24.1 as follows: 


(1) Certification that all auxiliary devices, such as heat 
pumps, circulating pumps, heat exchangers, radiators, 
and luminaires, if a part of the system, have a pressure 
rating of at least 175 psi or 300 psi (12.1 bar or 20.7 bar) if 
exposed to pressures greater than 175 psi (12.1 bar). 

(2) All components of sprinkler system and auxiliary system 
have been pressure tested as a composite system in accor- 
dance with 24.2.2. 

(3) Waterflow tests have been conducted and waterflow 
alarms have operated while auxiliary equipment is in each 
of the possible modes of operation. 

(4) With auxiliary equipment tested in each possible mode of 
operation and with no flow from sprinklers or test con- 
nection, waterflow alarm signals did not operate. 

(5) Excess temperature controls for shutting down the auxil- 
iary system have been properly field tested. 


24.3.2 Discharge tests of sprinkler systems with non-fire pro- 
tection connections shall be conducted using system test con- 
nections described in 6.9.1. 


24.3.3 Pressure gauges shall be installed at critical points and 
readings shall be taken under various modes of auxiliary 
equipment operation. 


24.3.4 Waterflow alarm signals shall be responsive to dis- 
charge of water through system test pipes while auxiliary 
equipment is in each of the possible modes of operation. 


24.4 Instructions. The installing contractor shall provide the 
property owner or the property owner’s authorized represen- 
tative with the following: 


(1) All literature and instructions provided by the manufac- 
turer describing proper operation and maintenance of 
any equipment and devices installed 

(2) NFPA 25, Standard for the Inspection, Testing, and Mainte- 
nance of Water-Based Fire Protection Systems 
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24.5* Hydraulic Design Information Sign. 


24.5.1 The installing contractor shall identify a hydraulically 
designed sprinkler system with a permanently marked weath- 
erproof metal or rigid plastic sign secured with corrosion- 
resistant wire, chain, or other approved means. Such signs 
shall be placed at the alarm valve, dry pipe valve, preaction 
valve, or deluge valve supplying the corresponding hydrauli- 
cally designed area. 


24.5.2 The sign shall include the following information: 


(1) Location of the design area or areas 

(2) Discharge densities over the design area or areas 

(3) Required flow and residual pressure demand at the base 
of the riser 

(4) Occupancy classification or commodity classification and 
maximum permitted storage height and configuration 

(5) Hose stream allowance included in addition to the sprin- 
kler demand 

(6) The name of the installing contractor 


24.6* General Information Sign. 


24.6.1 The installing contractor shall provide a general infor- 
mation sign used to determine system design basis and infor- 
mation relevant to the inspection, testing, and maintenance 
requirements required by NFPA 25, Standard for the Inspection, 
Testing, and Maintenance of Water-Based Fire Protection Systems. 


24.6.1.1 Such general information shall be provided with a 
permanently marked weatherproof metal or rigid plastic sign, 
secured with corrosion-resistant wire, chain, or other accept- 
able means. 


24.6.1.2 Such signs shall be placed at each system control 
riser, antifreeze loop, and auxiliary system control valve. 


24.6.2 The sign shall include the following information: 


(1) Name and location of the facility protected 
(2) Occupancy classification 
(3) Commodity classification 
(4) Presence of high-piled and/or rack storage 
(5) Maximum height of storage planned 
(6) Aisle width planned 
(7) Encapsulation of pallet loads 
(8) Presence of solid shelving 
(9) Flow test data 
(10) Presence of flammable/combustible liquids 
(11) Presence of hazardous materials 
(12) Presence of other special storage 
(13) Location of auxiliary drains and low point drains on dry 
pipe and preaction systems 
(14) Original results of main drain flow test 
(15) Name of installing contractor or designer 
(16) Indication of presence and location of antifreeze or 
other auxiliary systems 


Chapter 25 Marine Systems 


25.1 General. 


25.1.1 Chapter 25 outlines the deletions, modifications, and 
additions that shall be required for marine application. The 
applicability of Chapter 25 shall be determined by the author- 
ity having jurisdiction. 
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25.1.2 All other requirements of this standard shall apply to 
merchant vessel systems except as modified by this chapter. 


25.1.3 The following definitions shall be applicable to this 
chapter (see Section 3.10): 


(1) A-Class Boundary — A boundary designed to resist the 
passage of smoke and flame for 1 hour when tested in 
accordance with ASTM E 119, Standard Test Methods for 
Fire Tests of Building Construction and Materials. 

(2) B-Class Boundary — A boundary designed to resist the 
passage of flame for 4% hour when tested in accordance 
with ASTM E 119. 

(3) Central Safety Station — A continuously manned control 
station from which all of the fire control equipment is 
monitored. If this station is not the bridge, direct com- 
munication with the bridge shall be provided by means 
other than the ship’s service telephone. 

(4) * Heat-Sensitive Material — A material whose melting point 
is below 1700°F (926.7°C). 

(5) Heel— The inclination of a ship to one side. 

(6) Heel Angle — The angle defined by the intersection of a 
vertical line through the center of a vessel and a line 
perpendicular to the surface of the water. 

(7) International Shore Connection — A universal connection 
to the vessel’s fire main to which a shoreside fire-fighting 
water supply can be connected. 

(8)*Marine System — A sprinkler system installed on a ship, 
boat, or other floating structure that takes its supply 
from the water on which the vessel floats. 

(9)* Marine Thermal Barrier — An assembly that is constructed 
of noncombustible materials and made intact with the 
main structure of the vessel, such as shell, structural 
bulkheads, and decks. A marine thermal barrier shall 
meet the requirements of a B-Class boundary. In addi- 
tion, a marine thermal barrier shall be insulated such 
that, if tested in accordance with ASTM E 119, Standard 
Test Methods for Fire Tests of Building Construction and Mate- 
rials, for 15 minutes, the average temperature of the un- 
exposed side does not rise more than 250°F (121°C) 
above the original temperature, nor does the tempera- 
ture at any one point, including any joint, rise more than 
405°F (207°C) above the original temperature. 

(10) Supervision — A visual and audible alarm signal given at 
the central safety station to indicate when the system is in 
operation or when a condition that would impair the 
satisfactory operation of the system exists. Supervisory 
alarms shall give a distinct indication for each individual 
system component that is monitored. 

(11) Survival Angle— The maximum angle to which a vessel is 
permitted to heel after the assumed damage required by 
stability regulations is imposed. 

(12) Type 1 Stair—A fully enclosed stair that serves all levels of 
a vessel in which persons can be employed. 

(13) Marine Water Supply — The supply portion of the sprin- 
kler system from the water pressure tank or the sea suc- 
tion of the designated sprinkler system pump up to and 
including the valve that isolates the sprinkler system 
from these two water sources. 


25.1.4* Occupancy Classifications. Marine environment clas- 
sifications shall be in accordance with Section 5.1. 


25.1.5* Partial Installations. 


25.1.5.1 Partial installation of automatic sprinklers shall not 
be permitted, unless the requirements of 25.1.5.2 or 25.1.5.3 
are met. 


25.1.5.2 Spaces shall be permitted to be protected with an 
alternative, approved fire suppression system where such areas 
are separated from the sprinklered areas with a 1 hour-rated 
assembly. 


25.1.5.3 The requirements of 25.1.5.1 shall not apply where 
specific sections of this standard permit the omission of sprin- 
klers. 


25.2 System Components, Hardware, and Use. 
25.2.1* Sprinklers shall have a K-factor of K-2.8 (40) or greater. 


25.2.2* Sprinkler piping penetrations shall be designed to pre- 
serve the fire integrity of the ceiling or bulkhead penetrated. 


25.2.3 Spare Sprinklers. 


25.2.3.1 The required stock of spare sprinklers shall be car- 
ried for each type of sprinkler installed onboard the vessel. 


25.2.3.2 Where fewer than six sprinklers of a particular type 
are installed, 100 percent spares shall be kept in stock. 


25.2.3.3 Where applicable, at least one elastometric gasket 
shall be kept in the cabinet for each fire department connec- 
tion that is installed onboard the vessel. 


25.2.3.4 The cabinet containing spare sprinklers, special 
wrenches, and elastometric gaskets shall be located in the 
same central safety station that contains the alarm annuncia- 
tor panel(s) and supervisory indicators. 


25.2.4 System Pipe and Fittings. 


25.2.4.1* When ferrous materials are used for piping between 
the sea chest and zone control valves, these materials shall be 
protected against corrosion by hot dip galvanizing or by the 
use of Schedule 80 piping. 


25.2.4.2 Maximum design pressure for copper and brass pipe 
shall not exceed 250 psi (17.2 bar). 


25.2.5 Pipe Support. 
25.2.5.1* Pipe supports shall comply with the following: 


(1) Pipe supports shall be designed to provide adequate lat- 
eral, longitudinal, and vertical sway bracing. 

(2) The design shall account for the degree of bracing, which 
varies with the route and operation of the vessel. 

(3) Bracing shall be designed to ensure the following: 

(a) Slamming, heaving, and rolling will not shift sprin- 
kler piping, potentially moving sprinklers above ceil- 
ings, bulkheads, or other obstructions. 

(b) Piping and sprinklers will remain in place at a steady 
heel angle at least equal to the maximum required 
damaged survival angle. 

(4) Pipe supports shall be welded to the structure. 

(5) Hangers that can loosen during ship motion or vibration, 
such as screw-down-type hangers, shall not be permitted. 

(6) Hangers that are listed for seismic use shall be permitted 
to be used in accordance with their listing. 


25.2.5.2 Sprinkler piping shall be supported by the primary 
structural members of the vessel such as beams, girders, and 
stiffeners. 


25.2.5.3* The components of hanger assemblies that are 
welded directly to the ship structure shall not be required to 


be listed. 
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25.2.5.4* U-hook sizes shall be no less than that specified in 
Table 9.1.2.4. 


25.2.6 Valves. 


25.2.6.1* All indicating, supply, and zone control valves shall 
be supervised open from a central safety station. 


25.2.6.2 Drain and test valves shall meet the applicable re- 
quirements of 46 CFR 56.20 and 56.60. 


25.2.6.3 Valve markings shall include the information re- 
quired by 46 CFR 56.20-5(a). 


25.2.7 Fire Department Connections and International Shore 
Connections. 


25.2.7.1* A fire department connection and an International 
Shore Connection shall be installed. 


25.2.7.2 The requirements for a fire department connection 
in 25.2.7.1 shall not apply to vessels that operate primarily on 
international voyages. 


25.2.7.3 Connections shall be located near the gangway or 
other shore access point so that they are readily accessible to 
the land-based fire department. 


25.2.7.4 Fire department and International Shore Connec- 
tions shall be colored and marked so that the connections are 
easily located from the shore access point (i.e., gangway loca- 
tion) and will not be confused with a firemain connection. 


25.2.7.5 An 18 in. x 18 in. (0.46 mx 0.46 m) sign displaying 
the symbol for fire department connection as shown in 
Table 5.2.1 of NFPA 170, Standard for Fire Safety and Emer- 
gency Symbols, shall be placed at the connection so that it is 
in plain sight from the shore access point. 


25.2.7.6 Connections on both sides of the vessel shall be pro- 
vided where shore access arrangements make it necessary. 


25.2.7.7* Fire department connection thread type shall be 
compatible with fire department equipment. 


25.2.7.8 International shore connections shall comply with 
ASTM F 1121, Standard Specification for International Shore Con- 
nections for Marine Fire Applications. 


25.3 System Requirements. 


25.3.1* Relief Valves. Relief valves shall be provided on all wet 
pipe systems. 


25.3.2 Spare Detection Devices. The number of spare detec- 
tion devices or fusible elements used for protection systems 
that shall be carried per temperature rating is as follows: 


(1) Vessels shall have two spare detection devices or fusible 
elements when operating voyages are normally less than 
24 hours. 

(2) Vessels shall have four spare detection devices or fusible 
elements when operating voyages are normally more than 
24 hours. 


25.3.3 System Piping Supervision. All preaction sprinkler sys- 
tems shall be supervised regardless of the number of sprin- 
klers supplied. 


25.3.4 Circulating Closed Loop Systems. Circulating closed 
loop systems shall not be permitted. 
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25.4 Installation Requirements. 


25.4.1 Temperature Zones. Intermediate temperature-rated 
sprinklers shall be installed under a noninsulated steel deck 
that is exposed to sunlight. 


25.4.2* Residential Sprinklers. Residential sprinklers shall be 
permitted for use only in sleeping accommodation areas. 


25.4.3 Window Protection. Where required, windows shall be 
protected by sprinklers installed at a distance not exceeding 
1 ft (0.3 m) from the glazing at a spacing not exceeding 6 ft 
(1.8 m) such that the entire glazing surface is wetted at a linear 
density not less than 6 gpm/ft (75 mm/min), unless listed 
window sprinkler protection systems are installed in accor- 
dance with their installation and testing criteria. 


25.4.4* Concealed Spaces. 


25.4.4.1 Concealed spaces that are constructed of combus- 
tible materials, or materials with combustible finishes or that 
contain combustible materials, shall be sprinklered. 


25.4.4.2 The requirements of 25.4.4.1 shall not apply to con- 
cealed spaces that contain only nonmetallic piping that is con- 
tinuously filled with water. 


25.4.5 Vertical Shafts. 


25.4.5.1 Sprinklers are not required in vertical shafts used as 
duct, electrical, or pipe shafts that are nonaccessible, noncom- 
bustible, and enclosed in an A-Class-rated assembly. 


25.4.5.2 Stairway enclosures shall be fully sprinklered. 


25.4.6 Bath Modules. Sprinklers shall be installed in bath 
modules (full room modules) constructed with combustible 
materials, regardless of room fire load. 


25.4.7 Ceiling Types. Drop-out ceilings shall not be used in 
conjunction with sprinklers. 


25.4.8 Return Bends. 


25.4.8.1 To prevent sediment buildup, return bends shall be 
installed in all shipboard sprinkler systems where pendent- 
type or dry pendent-type sprinklers are used in wet systems (see 
Figure 8.15.18.2). 


25.4.8.2 Consideration shall be given concerning the intru- 
sion of saltwater into the system. 


25.4.8.3 Specifically, sprinklers shall not be rendered ineffec- 
tive by corrosion related to saltwater entrapment within the 
return bend. 


25.4.9 Hose Connections. Sprinkler system piping shall not 
be used to supply hose connections or hose connections for 
fire department use. 


25.4.10 Heat-Sensitive Piping Materials. 


25.4.10.1 Portions of the piping system constructed with a 
heat-sensitive material shall be subject to the following restric- 
tions: 


(1) Piping shall be of non—heat-sensitive type from the sea 
suction up through the penetration of the last A-Class bar- 
rier enclosing the space(s) in which the heat-sensitive pip- 
ing is installed. 

(2) B-Class draft stops shall be fitted not more than 45 ft 
(13.7 m) apart between the marine thermal barrier (see 
definitions in Chapter 3 and 25.1.3) and the deck or shell. 
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(3) Portions of a system that are constructed from heat- 
sensitive materials shall be installed behind a marine ther- 
mal barrier, unless the provisions of item (4) are met. 

(4)*Piping materials with brazed joints shall not be required 
to be installed behind a marine thermal barrier, provided 
the following conditions are met: 

(a) The system is of the wet pipe type. 

(b) The piping is not located in spaces containing boil- 
ers, internal combustion engines, or piping contain- 
ing flammable or combustible liquids or gases under 
pressure, cargo holds, or vehicle decks. 

(c) A relief valve in compliance with 7.1.2 is installed in 
each section of piping that is capable of being iso- 
lated by a valve(s). 

(d) Avalve(s) isolating the section of piping from the re- 
mainder of the system is installed in accordance with 
25.4.10.2 and 25.4.10.3. 


25.4.10.2 Each zone in which heat-sensitive piping is installed 
shall be fitted with a valve capable of segregating that zone 
from the remainder of the system. 


25.4.10.3 The valve shall be supervised and located outside of 
the zone controlled and within a readily accessible compart- 
ment having A-Class boundaries or within a Type 1 stair. 


25.4.11 Discharge of Drain Lines. 


25.4.11.1 Drain lines shall not be connected to housekeep- 
ing, sewage, or deck drains. Drains shall be permitted to be 
discharged to bilges. 


25.4.11.2 Overboard discharges shall meet the requirements 
of 46 CFR 56.50-95 and shall be corrosion resistant in accor- 
dance with 46 CFR 56.60. 


25.4.11.3 Systems that contain water additives that are not 
permitted to be discharged into the environment shall be spe- 
cially designed to prevent such discharge. 


25.4.11.4 Discharges shall be provided with a down-turned 
elbow. 


25.4.12 Alarm Signals and Devices. 


25.4.12.1* A visual and audible alarm signal shall be given at 
the central safety station to indicate when the system is in op- 
eration or when a condition that would impair the satisfactory 
operation of the system exists. 


25.4.12.2 Alarm signals shall be provided for, but not limited 
to, each of the following: monitoring position of control 
valves, fire pump power supplies and operating condition, wa- 
ter tank levels and temperatures, zone waterflow alarms, pres- 
sure of tanks, and air pressure on dry pipe valves. 


25.4.12.3 Alarms shall give a distinct indication for each indi- 
vidual system component that is monitored. 


25.4.12.4 An audible alarm shall be given at the central safety 
station within 30 seconds of waterflow. 


25.4.12.5 Waterflow alarms shall be installed for every zone of 
the sprinkler system. 


25.4.12.6 Sprinkler zones shall not encompass more than two 
adjacent decks or encompass more than one main vertical 
zone. 


25.4.12.7 Electrically operated alarm attachments shall com- 
ply with, meet, and be installed in accordance with the re- 
quirements of 46 CFR, Subchapter J, “Electrical Engineering.” 


25.4.12.8 All wiring shall be chosen and installed in accor- 
dance with IEEE 45, Recommended Practice for Electrical Installa- 
tions on Shipboard. 


25.4.13 Test Connections. Where test connections are below 
the bulkhead deck, they shall comply with the overboard dis- 
charge arrangements of 46 CFR 56.50-95. 


25.4.14 Protection of Copper Tubing. Copper tubing materi- 
als shall be protected against physical damage in areas where 
vehicles and stores handling equipment operate. 


25.5 Design Approaches. 
25.5.1 Design Options. 


25.5.1.1 Marine sprinkler systems shall be designed using the 
hydraulic calculation procedure of Chapter 22. 


25.5.1.2 The pipe schedule method shall not be used to de- 
termine the water demand requirements. 


25.5.2* Window Protection. Minimum water demand require- 
ments shall include sprinklers that are installed for the protec- 
tion of windows as described in 25.4.3. 


25.5.3* Hose Stream Allowance. No allowance for hose stream 
use shall be required. 


25.6 Plans and Calculations. 


25.6.1 Additional Information. The pressure tank size, high- 
pressure relief setting, high and low water alarm settings, low- 
pressure alarm setting, and pump start pressure shall be pro- 
vided. 


25.6.2 Sprinklers specifically installed for the protection of 
windows under 25.4.3 shall be permitted to be of a different 
size from those protecting the remainder of the occupancy 
classification. 


25.6.3 All of the window sprinklers, however, shall be of the 
same size. 


25.6.4* Marine sprinkler systems shall be designed and in- 
stalled to be fully operational without a reduction in system 
performance when the vessel is upright and inclined at the 
angles of inclination specified in 46 CFR 58.01-40. 


25.7 Water Supplies. 


25.7.1 General. The water supply requirements for marine 
applications shall be in accordance with Section 25.7. 


25.7.2 Pressure Tank. 


25.7.2.1 Unless the requirements of 25.7.2.2 are met, a pres- 
sure tank shall be provided. The pressure tank shall be sized 
and constructed so that the following occurs: 


(1) The tank shall contain a standing charge of freshwater 
equal to that specified by Table 25.7.2.1. 

(2) The pressure tank shall be sized in accordance with 23.2.3. 

(3) A glass gauge shall be provided to indicate the correct 
level of water within the pressure tank. 

(4) Arrangements shall be provided for maintaining an air 
pressure in the tank such that, while the standing charge 
of water is being expended, the pressure will not be less 
than that necessary to provide the design pressure and 
flow of the hydraulically most remote design area. 

(5) Suitable means of replenishing the air under pressure and 
the freshwater standing charge in the tank shall be provided. 

(6) Tank construction shall be in accordance with the appli- 
cable requirements of 46 CFR, Subchapter F, “Marine 
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Table 25.7.2.1 Required Water Supply 


System Type Additional Water Volume 


Wet pipe system Flow requirement of the 
hydraulically most remote 
system demand for 1 minute 

Flow requirement of the 
hydraulically most remote 
system demand for | minute of 
system demand plus the 
volume needed to fill all dry 


piping 


Preaction system 
Deluge system 
Dry pipe system 


25.7.2.2 Pressure Tank Alternative. In lieu of a pressure tank, a 
dedicated pump connected to a freshwater tank shall be permit- 
ted to be used, provided the following conditions are met: 


(1) The pump is listed for marine use and is sized to meet the 
required system demand. 

(2) The suction for the fire pump is located below the suction 
for the freshwater system so that there shall be a mini- 
mum water supply of at least 1 minute for the required 
system demand. 

(3) Pressure switches are provided in the system and the con- 
troller for the pump that automatically start the pump 
within 10 seconds after detection of a pressure drop of 
more than 5 percent. 

(4) There shall be a reduced pressure zone backflow preven- 
ter to prevent contamination of the potable water system 
by saltwater. 

(5) This pump has at least two sources of power. Where the 
sources of power are electrical, these shall be a main gen- 
erator and an emergency source of power. One supply 
shall be taken from the main switchboard, by separate 
feeder reserved solely for that purpose. This feeder shall 
be run to an automatic changeover switch situated near 
the sprinkler unit, and the switch shall normally be kept 
closed to the feeder from the emergency switchboard. 
The changeover switch shall be clearly labeled, and no 
other switch shall be permitted in these feeders. 


25.7.2.3 Relief Valves. 


25.7.2.3.1 Relief valves shall be installed on the tank to avoid 
overpressurization and false actuation of any dry pipe valve. 


25.7.2.3.2 Relief valves shall comply with 46 CFR 54.15-10. 
25.7.2.4 Power Source. 


25.7.2.4.1 There shall be not less than two sources of power 
for the compressors that supply air to the pressure tank. 


25.7.2.4.2 Where the sources of power are electrical, these 
shall be a main generator and an emergency source of power. 


25.7.2.4.3 One supply shall be taken from the main switch- 
board, by separate feeders reserved solely for that purpose. 


25.7.2.4.4 Such feeders shall be run to a changeover switch 
situated near the air compressor, and the switch normally shall 
be kept closed to the feeder from the emergency switchboard. 


25.7.2.4.5 The changeover switch shall be clearly labeled, 
and no other switch shall be permitted in these feeders. 
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25.7.2.5 Multiple Tanks. 


25.7.2.5.1 More than one pressure tank can be installed, pro- 
vided that each is treated as a single water source when deter- 
mining valve arrangements. 


25.7.2.5.2 Check valves shall be installed to prohibit flow 
from tank to tank or from pump to tank, unless the tank is 
designed to hold only pressurized air. 


25.7.2.6 In systems subject to use with saltwater, valves shall 
be so arranged as to prohibit contamination of the pressure 
tank with saltwater. 


25.7.2.7* Where applicable, a means shall be provided to re- 
strict the amount of air that can enter the pressure tank from 
the air supply system. A means shall also be provided to pre- 
vent water from backflowing into the air supply system. 


25.7.3 Fire Pump. 


25.7.3.1 A dedicated, automatically controlled pump that is 
listed for marine service, which takes suction from the sea, 
shall be provided to supply the sprinkler system. 


25.7.3.2 Where two pumps are required to ensure the reli- 
ability of the water supply, the pump that supplies the fire 
main shall be allowed to serve as the second fire pump. 


25.7.3.3* The pump shall be sized to meet the water demand 
of the hydraulically most demanding area. 


25.7.3.4 Pumps shall be designed to not exceed 120 percent 
of the rated capacity of the pump. 


25.7.3.5 The system shall be designed so that, before the sup- 
ply falls below the design criteria, the fire pump shall be auto- 
matically started and shall supply water to the system until 
manually shut off. 


25.7.3.6 Where pump and freshwater tank arrangement is used 
in lieu of the pressure tank, there must be a pressure switch that 
senses a system pressure drop of 25 percent, and the controller 
must automatically start the fire pump(s) if pressure is not re- 
stored within 20 seconds. 


25.7.3.7 There shall be not less than two sources of power 
supply for the fire pumps. Where the sources of power are 
electrical, these shall be a main generator and an emergency 
source of power. 


25.7.3.8 One supply shall be taken from the main switch- 
board by separate feeders reserved solely for that purpose. 


25.7.3.9 Such feeders shall be run to a changeover switch 
situated near to the sprinkler unit, and the switch normally 
shall be kept closed to the feeder from the emergency switch- 
board. 


25.7.3.10 The changeover switch shall be clearly labeled, and 
no other switch shall be permitted in these feeders. 


25.7.3.11 Test Valves. 


25.7.3.11.1 A test valve(s) shall be installed on the discharge 
side of the pump with a short open-ended discharge pipe. 


25.7.3.11.2 The area of the pipe shall be adequate to permit 
the release of the required water output to supply the demand 
of the hydraulically most remote area. 

25.7.3.12 Multiple Pumps. 


25.7.3.12.1 Where two fire pumps are required to ensure the 
reliability of the water supply, each fire pump shall meet the 
requirements of 25.7.3.1 through 25.7.3.4. 
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25.7.3.12.2 In addition, a system that is required to have 
more than one pump shall be designed to accommodate the 
following features: 


(1)*Pump controls and system sensors shall be arranged such 
that the secondary pump will automatically operate if the 
primary pump fails to operate or deliver the required wa- 
ter pressure and flow. [Figure A. 25.7.3.12.2(1) is an example 
of an acceptable dual pump arrangement. | 

(2) Both pumps shall be served from normal and emergency 
power sources. However, where approved by the authority 
having jurisdiction, the secondary pump shall be permit- 
ted to be nonelectrically driven. 

(3) Pump failure or operation shall be indicated at the cen- 
tral safety station. 


25.7.3.13* If not specifically prohibited, the fire pump that 
supplies the fire main shall be permitted to be used as the 
second pump, provided the following conditions are met: 


(1) The pump is adequately sized to meet the required fire 
hose and sprinkler system pressure and flow demands si- 
multaneously. 

(2) The fire main system is segregated from the sprinkler sys- 
tem by a normally closed valve that is designed to auto- 
matically open upon failure of the designated fire pump. 

(3) The fire pump that supplies the fire main is automatically 
started in the event of dedicated fire pump failure or loss 
of pressure in the sprinkler main. (See Figure A.25. 7.3.13.) 


25.7.4 Water Supply Configurations. 


25.7.4.1 The pressure tank and fire pump shall be located in 
a position reasonably remote from any machinery space of 
Category A. 


25.7.4.2 All valves within the water supply piping system shall 
be supervised. 


25.7.4.3 Only freshwater shall be used as the initial charge 
within the piping network. 


25.7.4.4 The sprinkler system shall be cross-connected with 
the ship’s fire main system and fitted with a lockable screw- 
down nonreturn valve such that backflow from the sprinkler 
system to the fire main is prevented. 


25.7.4.5 The piping, tanks, and pumps that make up the wa- 
ter supply shall be installed in accordance with the applicable 
requirements of 46 CFR, Subchapter F, “Marine Engineering.” 


25.7.4.6* When a shore water supply is to be used during ex- 
tended dockside periods, the water supply shall be qualified in 
the manner described in 23.2.1. 


25.7.4.7 Tests shall be conducted in accordance with the re- 
quirements of the local shore-based authority having jurisdiction. 


25.7.4.8 The water supply information listed in Section 11.3 
shall then be provided to the authority having jurisdiction. 


25.8 System Acceptance. 


25.8.1 Hydrostatic Tests. In addition to the interior piping, 
the test required by 24.2.1.10 shall also be conducted on all 
external water supply connections including international 
shore and fireboat connections. 


25.8.2 Alarm Test. A waterflow test shall result in an alarm at 
the central safety station within 30 seconds after flow through 
the test connection begins. 


25.8.3 Operational Tests. 


25.8.3.1 Pressure tank and pump operation, valve actuation, 
and waterflow shall also be tested. 


25.8.3.2 Pump operation and performance shall be tested in 
accordance with Chapter 14 of NFPA 20, Standard for the Instal- 
lation of Stationary Pumps for Fire Protection. 


25.9 System Instructions and Maintenance. 


25.9.1 Instructions for operation, inspection, maintenance, 
and testing shall be kept on the vessel. 


25.9.2 Records of inspections, tests, and maintenance re- 
quired by NFPA 25, Standard for the Inspection, Testing, and Main- 
tenance of Water-Based Fire Protection Systems, shall also be kept on 
the vessel. 


Chapter 26 System Inspection, Testing, and 
Maintenance 


26.1* General. A sprinkler system installed in accordance with 
this standard shall be properly inspected, tested, and main- 
tained by the property owner or their authorized representa- 
tive in accordance with NFPA 25, Standard for the Inspection, 
Testing, and Maintenance of Water-Based Fire Protection Systems, to 
provide at least the same level of performance and protection 
as designed. 


26.2* Inactive Sprinkler Systems Abandoned in Place. 


26.2.1 Where all or part of an inactive sprinkler system is 
abandoned in place, components including sprinklers, hose 
valves and hoses, and alarm devices shall be removed. 


26.2.2 Control valves abandoned in place shall have the op- 
erating mechanisms removed. 


26.2.3 Sprinkler system piping and/or valves abandoned in 
place shall be uniquely identified to differentiate them from 
active system piping and valves. 


AnnexA Explanatory Material 


Annex A is not a part of the requirements of this NFPA document 
but is included for informational purposes only. This annex contains 
explanatory material, numbered to correspond with the applicable text 


paragraphs. 


A.1.1 This standard provides a range of sprinkler system ap- 
proaches, design development alternatives, and component 
options that are all acceptable. Building owners and their des- 
ignated representatives are advised to carefully evaluate pro- 
posed selections for appropriateness and preference. 


A.1.2 Since its inception, this document has been developed 
on the basis of standardized materials, devices, and design 
practices. However, Section 1.2 and other subsections such as 
6.3.6 and 8.4.8 allow the use of materials and devices not spe- 
cifically designated by this standard, provided such use is 
within parameters established by a listing organization. In us- 
ing such materials or devices, it is important that all condi- 
tions, requirements, and limitations of the listing be fully un- 
derstood and accepted and that the installation be in 
complete accord with such listing requirements. 
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A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or evalu- 
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author- 
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 


A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au- 
thority having jurisdiction,” or its acronym AHJ, is used in 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. Where pub- 
lic safety is primary, the authority having jurisdiction may be a 
federal, state, local, or other regional department or indi- 
vidual such as a fire chief; fire marshal; chief of a fire preven- 
tion bureau, labor department, or health department; build- 
ing official; electrical inspector; or others having statutory 
authority. For insurance purposes, an insurance inspection de- 
partment, rating bureau, or other insurance company repre- 
sentative may be the authority having jurisdiction. In many 
circumstances, the property owner or his or her designated 
agent assumes the role of the authority having jurisdiction; at 
government installations, the commanding officer or depart- 
mental official may be the authority having jurisdiction. 


A.3.2.3 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalu- 
ation; some organizations do not recognize equipment as 
listed unless it is also labeled. The authority having jurisdic- 
tion should utilize the system employed by the listing organi- 
zation to identify a listed product. 


A.3.3.2 Bathroom. A room is still considered a bathroom if it 
contains just a toilet. Additionally, two bathrooms can be adja- 
cent to each other and are considered separate rooms, pro- 
vided they are enclosed with the required level of construc- 
tion. Acompartment containing only a toilet, regardless of its 
intended use, is considered a bathroom. 


A.3.3.4 Ceiling Pocket. It is not the intent of this definition to 
be applied to structural and/or framing members otherwise 
used to define obstructed or unobstructed construction. 


A.3.3.13 Limited-Combustible (Material). Material subject to 
increase in combustibility or flame spread index beyond the lim- 
its herein established through the effects of age, moisture, or 
other atmospheric condition is considered combustible. See 
NFPA 259, Standard Test Method for Potential Heat of Building Mate- 
rials, and NFPA 220, Standard on Types of Building Construction. 


A.3.3.18 Sprinkler System. A sprinkler system is considered to 
have a single system riser control valve. The design and instal- 
lation of water supply facilities such as gravity tanks, fire 
pumps, reservoirs, or pressure tanks are covered by NFPA 20, 
Standard for the Installation of Stationary Pumps for Fire Protection, 
and NFPA 22, Standard for Water Tanks for Private Fire Protection. 


A.3.4.6 Gridded Sprinkler System. See Figure A.3.4.6. 
A.3.4.7 Looped Sprinkler System. See Figure A.3.4.7. 


A.3.4.9 Preaction Sprinkler System. The actuating means of 
the valve are described in 7.3.2.1. Actuation of the detection 
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FIGURE A.3.4.6 Gridded System. 


FIGURE A.3.4.7 Looped System. 


system and sprinklers in the case of double-interlocked sys- 
tems opens a valve that permits water to flow into the sprinkler 
piping system and to be discharged from any sprinklers that 
are open. 


A.3.5 See Figure A.3.5. 


A.3.6.1 General Sprinkler Characteristics. The response time 
index (RTI) is a measure of the sensitivity of the sprinkler's 
thermal element as installed in a specific sprinkler. It is usually 
determined by plunging a sprinkler into a heated laminar air- 
flow within a test oven. The plunge test is not currently appli- 
cable to certain sprinklers. 

The RTI is calculated using the following: 


(1) The operating time of the sprinkler 

(2) The operating temperature of the sprinkler’s heat- 
responsive element (as determined in a bath test) 

(3) The air temperature of the test oven 

(4) The air velocity of the test oven 

(5) The sprinkler's conductivity (c) factor, which is the mea- 
sure of conductance between the sprinkler's heat- 
responsive element and the sprinkler oven mount 


Other factors affecting response include the temperature 
rating, sprinkler position, fire exposure, and radiation. 

ISO Standard 6182-1 currently recognizes the RTI range of 
greater than 50 (meters-seconds)? and less than 80 (meters- 
seconds) '”? as special response. Such sprinklers can be recog- 
nized as special sprinklers under 8.4.8.1. 

It should be recognized that the term fast response (like the 
term quick response used to define a particular type of sprin- 
kler) refers to the thermal sensitivity within the operating ele- 
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A System riser D Riser nipple 

B Feed main E Branch lines 

C Cross main F Underground 
supply 


FIGURE A.3.5 Building Elevation Showing Parts of Sprinkler 
Piping System. 


ment of a sprinkler, not the time of operation in a particular 
installation. Many other factors, such as ceiling height, spac- 
ing, ambient room temperature, and distance below ceiling, 
affect the time of response of sprinklers. In most fire sce- 
narios, sprinkler activation times will be shortest where the 
thermal elements are located 1 in. (25.4 mm) to 3 in. 
(76.2 mm) below the ceiling. A fast-response sprinkler is ex- 
pected to operate quicker than a standard-response sprinkler 
in the same installation orientation. For modeling purposes, 
concealed sprinklers can be considered equivalent to pendent 
sprinklers having a similar thermal response sensitivity in- 
stalled 12 in. (305 mm) below smooth unobstructed ceilings, 
and recessed sprinklers can be considered equivalent to pen- 
dent sprinklers having a similar thermal response sensitivity 
installed 8 in. (203 mm) below smooth unobstructed ceilings. 


A.3.6.3.2 Dry Sprinkler. Under certain ambient conditions, 
wet pipe systems having dry-pendent (or upright) sprinklers 
can freeze due to heat loss by conduction. Therefore, due con- 
sideration should be given to the amount of heat maintained 
in the heated space, the length of the nipple in the heated 
space, and other relevant factors. 

Dry sprinklers are intended to extend into an unheated 
area from a wet pipe system or to be used on a dry pipe system. 


A.3.6.4.1 Control Mode Specific Application (CMSA) Sprinkler. 
A large drop sprinkler is a type of CMSA sprinkler that is ca- 
pable of producing characteristic large water droplets and that 
is listed for its capability to provide fire control of specific 
high-challenge fire hazards. 


A.3.6.4.2 Early Suppression Fast-Response (ESFR) Sprinkler. 
It is important to realize that the effectiveness of these highly 
tested and engineered sprinklers depends on the combina- 
tion of fast response and the quality and uniformity of the 
sprinkler discharge. It should also be realized that ESFR sprin- 
klers cannot be relied upon to provide fire control, let alone 


suppression, if they are used outside the guidelines specified 
in Chapter 12. 


A.3.6.4.7 Quick-Response (QR) Sprinkler. Quick response is 
a listing for sprinklers that combines the deflector, frame, and 
body of a spray sprinkler with a fast-response element [see 
3.6.1(a)(1)] to create a technology that will respond quickly in 
the event of a fire and deliver water in the same fashion as 
other types of spray sprinklers. 


A.3.6.4.7.1 Quick-Response Early Suppression (QRES) Sprin- 
kler. Research into the development of QRES sprinklers is 
continuing under the auspices of the National Fire Protection 
Research Foundation. It is expected that the proposed design 
criteria will be added to the standard when a thorough analysis 
of the test data is completed. 


A.3.7.1 Obstructed Construction. The following are examples 
of obstructed construction. The definitions are provided to assist 
the user in determining the type of construction feature. 


(1) Beam and Girder Construction. The term beam and girder con- 
struction as used in this standard includes noncombustible 
and combustible roof or floor decks supported by wood 
beams of 4 in. (102 mm) or greater nominal thickness or 
concrete or steel beams spaced 3 ft to 7% ft (0.9 m to 2.3 m) 
on center and either supported on or framed into girders. 
[Where supporting a wood plank deck, this includes semi- 
mill and panel construction, and where supporting (with 
steel framing) gypsum plank, steel deck, concrete, tile, or 
similar material, this includes much of the so-called non- 
combustible construction. ] 


(2) Concrete Tee Construction. The term concrete tee construction as 
it is used in this standard refers to solid concrete members 
with stems (legs) having a nominal thickness less than the 
nominal height. /See Figure A. 3. 7. 1(a) for examples of concrete 
tee construction. ] 


(3 


wm 


Composite Wood Joist Construction. The term composite wood joist 
construction refers to wood beams of “I” cross section con- 
structed of wood flanges and solid wood web, supporting a 
floor or roof deck. Composite wood joists can vary in depth 
up to 48 in. (1.2 m), can be spaced up to 48 in. (1.2 m) on 
centers, and can span up to 60 ft (18 m) between supports. 
Joist channels should be firestopped to the full depth of the 
joists with material equivalent to the web construction so 
that individual channel areas do not exceed 300 ft? 
(27.9 m°). [See Figure A. 3.7.1(b) for an example of composite wood 


joist construction. ] 


(4 


— 


Panel Construction. The term panel construction as used in 
this standard includes ceiling panels formed by members 
capable of trapping heat to aid the operation of sprinklers 
and limited to a maximum of 300 ft? (27.9 m?) in area. 
There should be no unfilled penetrations in the cross- 
sectional area of the bounding structural members in- 
cluding the interface at the roof. Beams spaced more than 
712 ft (2.3 m) apart and framed into girders qualify as 
panel construction, provided the 300 ft? (27.9 m°) area 
limitation is met. 


(5) Semi-Mill Construction. The term semi-mill construction as 
used in this standard refers to a modified standard mill 
construction, where greater column spacing is used and 
beams rest on girders. 
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(6) Wood Joist Construction. The term wood joist construction re- 
fers to solid wood members of rectangular cross section, 
which can vary from 2 in. to 4 in. (51 mm to 102 mm) 
nominal width and can be up to 14 in. (356 mm) nominal 
depth, spaced up to 3 ft (0.9 m) on centers, and can span 
up to 40 ft (12 m) between supports, supporting a floor or 
roof deck. Solid wood members less than 4 in. (102 mm) 
nominal width and up to 14 in. (356 mm) nominal depth, 
spaced more than 3 ft (0.9 m) on centers, are also consid- 
ered as wood joist construction. 

(7) Bar Joist Construction with Fireproofing. In order to meet 
building codes, bar joists are often covered with fireproof- 
ing materials. In such an event, if greater than 30 percent 
of the area of the joist is obstructed, it should be consid- 
ered obstructed construction. 

(8) Steel Purlin Construction. This term refers to clear span or mul- 
tiple span buildings with straight or tapered columns and 
frames supporting C- or Z-type purlins greater than 4 in. 
(102 mm) in depth spaced up to 7% ft (2.3 m) on center. 


Steel wire mesh 


Steel reinforcing 
rods 


Steel wire mesh 


Steel 
reinforcing 


Wood 


FIGURE A.3.7.1(b) Typical Composite Wood Joist Con- 


struction. 
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A.3.7.2 Unobstructed Construction. The following are ex- 
amples of unobstructed construction. The definitions are pro- 
vided to assist the user in determining the type of construction 
feature. 


(1) Bar Joist Construction. The term bar joist construction refers 
to construction employing joists consisting of steel truss- 
shaped members. Wood truss-shaped members, which 
consist of wood top and bottom chord members with steel 
tube or bar webs, are also defined as bar joists. Bar joists 
include noncombustible or combustible roof or floor 
decks on bar joist construction with top and bottom 
chord members not exceeding 4 in. (102 mm) in depth. 
[See Figure A.3.7.2(a) and Figure A.3.7.2(b) for examples of bar 
joist construction. | 

(2) Open-Grid Ceilings. The term open-grid ceilings as used in 

this standard refers to ceilings in which the openings are 

Y in. (6.4 mm) or larger in the least dimension, the thick- 

ness of the ceiling material does not exceed the least di- 

mension of the openings, and the openings constitute at 

least 70 percent of the ceiling area. 

Smooth Ceiling Construction. The term smooth ceiling construc- 

tion as used in this standard includes the following: 


(3 


wm 


(a) Flat slab, pan-type reinforced concrete 

(b) Continuous smooth bays formed by wood, concrete, or 
steel beams spaced more than 7% ft (2.3 m) on centers 
— beams supported by columns, girders, or trusses 

(c) Smooth roof or floor decks supported directly on 
girders or trusses spaced more than 7% ft (2.3 m) on 
center 

(d) Smooth monolithic ceilings of at least % in. (19 mm) 
of plaster on metal lath or a combination of materials 
of equivalent fire-resistive rating attached to the un- 
derside of wood joists, wood trusses, and bar joists 

(e) Open-web-type steel beams, regardless of spacing 

(£) Smooth shell-type roofs, such as folded plates, hyper- 
bolic paraboloids, saddles, domes, and long barrel 
shells 

(g) Suspended ceilings of combustible or noncombus- 
tible construction 

(h) Smooth monolithic ceilings with fire resistance less than 
that specified under item (d) and attached to the un- 
derside of wood joists, wood trusses, and bar joists 


Combustible or noncombustible floor decks are permit- 

ted in the construction specified in A.3.7.2(3)(b) through 

(f). Item (b) would include standard mill construction. 
(4) Standard Mill Construction. The term standard mill construction 
as used in this standard refers to heavy timber construction 
as defined in NFPA 220, Standard on Types of Building Construc- 
tion. 
Wood Truss Construction. The term wood truss construction re- 
fers to parallel or pitched wood chord members connected 
by open wood members (webbing) supporting a roof or 
floor deck. Trusses with steel webbing, similar to bar joist 
construction, having top and bottom wood chords exceed- 
ing 4 in. (102 mm) in depth should also be considered wood 
truss construction. [See Figure A.3.7.2(c).] 


A.3.8.1.11 Private Fire Service Main. See Figure A.3.8.1.11. 


A.3.9.1 General. A six-sided portable storage container can be 
a combustible or noncombustible enclosed storage unit with 
varying dimensions ranging from small portable rental storage 
units to large freight containers. The Technical Committee on 
Sprinkler System Discharge is unaware of fire tests, and no 
design guidance is furnished. 


— 
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4 in. (102 mm) or less 


4 in. (102 mm) or less 


FIGURE A.3.7.2(a) Wood Bar Joist Construction. 


FIGURE A.3.7.2(b) Open-Web Bar Joist Construction. 


Greater than 4 in. (102 $e 


Greater than 
4 in. ( 


>< >| 
Floor truss 
` 


Continuous 2 times load share bridging 
[minimum size 2 in. x 6 in. (50 mm x 152 mm) #2 spruce pine fir] 


FIGURE A.3.7.2(c) Examples of Wood Truss Construction. 


A.3.9.1.1 Available Height for Storage. For new sprinkler in- 
stallations, the maximum height of storage is the height at 
which commodities can be stored above the floor where the 
minimum required unobstructed space below sprinklers is 
maintained. For the evaluation of existing situations, the 
maximum height of storage is the maximum existing height if 


See NFPA 22 
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Note: The piping (aboveground or buried) shown is specific as to the 
end of the private fire service main and schematic only for illustrative 
purposes beyond. Details of valves and their location requirements are 
covered in the specific standard involved. 


FIGURE A.3.8.1.11 Typical Private Fire Service Main. 


space between the sprinklers and storage is equal to or greater 
than required. 


A.3.9.1.3 Carton Records Storage. Carton records storage is a 
Class III commodity when it is within the definition of 5.6.3.3 
and is permitted to contain a limited amount (5 percent by 
weight or volume or less) of Group A or Group B plastics. 
Materials stored include Class I and II commodities, paper 
business records, books, magazines, stationery, newspapers, 
cardboard dividers, and cartons. See Table A.5.6.3.3. 


A.3.9.1.9 Compartmented. Cartons used in most of the Fac- 
tory Mutual-sponsored plastic tests involved an ordinary 
200 Ib (90.7 kg) test of outside corrugated cartons with five 
layers of vertical pieces of corrugated carton used as dividers 
on the inside. There were also single horizontal pieces of cor- 
rugated carton between each layer. 

Other tests sponsored by the Society of Plastics Industry, 
Industrial Risk Insurers, Factory Mutual, and Kemper used 
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two vertical pieces of carton (not corrugated) to form an “X” 
in the carton for separation of product. This arrangement was 
not considered compartmented, as the pieces of carton used 
for separations were flexible (not rigid), and only two pieces 
were used in each carton. 


A.3.9.1.10 Container (Shipping, Master, or Outer Container). 
The term container includes items such as cartons and wrap- 
pings. Fire-retardant containers or tote boxes do not by them- 
selves create a need for automatic sprinklers unless coated 
with oil or grease. Containers can lose their fire-retardant 
properties if washed. For obvious reasons, they should not be 
exposed to rainfall. 


A.3.9.1.11 Conventional Pallets. See Figure A.3.9.1.11. 


Conventional pallet 


Solid flat bottom 
wood pallet (slave pallet) 


FIGURE A.3.9.1.11 Typical Pallets. 


A.3.9.1.18 Miscellaneous Storage. The sprinkler system de- 
sign criteria for miscellaneous storage at heights below 12 ft 
(3.7 m) are covered by this standard in Chapter 12. Chapter 12 
describes design criteria, and Section 8.2 describes installation 
requirements (area limits). These requirements apply to all 
storage of 12 ft (3.7 m) or less in height. 


A.3.9.1.19 Open-Top Container. Open-top containers can 
prevent water from running across the top to storage and 
down the flues and can also collect water. The container will 
prevent water penetration to a fire in lower levels where it is 
needed. Rack or flue collapse can also occur if too much water 
is collected. The committee is unaware of fire tests, and no 
design guidance is furnished. 


A.3.9.1.22 Reinforced Plastic Pallet. See Figure A.3.9.1.22 (a) 
and Figure A.3.9.1.22(b). 


A.3.9.2.1.2 Open Array. Fire tests conducted to represent a 
closed array utilized 6 in. (152 mm) longitudinal flues and no 
transverse flues. Fire tests conducted to represent an open 
array utilized 12 in. (305 mm) longitudinal flues. 
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Reinforcements 


FIGURE A.3.9.1.22(a) Cut-Away Reinforced Plastic Pallet. 


Reinforcements 


FIGURE A.3.9.1.22(b) Assembled Reinforced Plastic Pallet. 


A.3.9.2.4 Pile Stability, Stable Piles. Pile stability performance 
has been shown to be a difficult factor to judge prior to a pile 
being subjected to an actual fire. In the test work completed, 
compartmented cartons (see A.3.9.1.9, Compartmented) have 
been shown to be stable under fire conditions. Tests also indi- 
cated cartons that were not compartmented tended to be un- 
stable under fire conditions. 


Storage on pallets, compartmented storage, and plastic 
components that are held in place by materials that do not 
deform readily under fire conditions are examples of stable 
storage. 


A.3.9.2.5 Pile Stability, Unstable Piles. Leaning stacks, 
crushed bottom cartons, and reliance on combustible bands 
for stability are examples of potential pile instability under a 
fire condition. An increase in pile height tends to increase 
instability. 
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A.3.9.2.6 Shelf Storage. Shelves are usually 2 ft (0.6 m) apart 
vertically. 


A.3.9.2.6.1 Back-to-Back Shelf Storage. The requirement for 
the lack of a longitudinal flue space does not prohibit a small 
gap between the units or a small gap between the shelves and 
the vertical barrier. See Figure A.3.9.2.6.1. 


A.3.9.3.1 Aisle Width. See Figure A.3.9.3.1. 


Maximum 60 in. width 
Minimum <——_____* 
60 in. aisle 
for group A 
plastics 
storage 


Maximum 
15 ft storage 


FIGURE A.3.9.2.6.1 Back-to-Back Shelf Storage. 
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FIGURE A.3.9.3.1 Illustration of Aisle Width. 


A.3.9.3.4 Face Sprinklers. All face sprinklers should be lo- 
cated within the rack structure. The flue spaces are generally 
created by the arrangement of the racks, and “walkways” 
should not be considered flue spaces. 


A.3.9.3.6 Longitudinal Flue Space. See Figure A.3.9.3.6. 


A.3.9.3.7 Rack. Shelving in some rack structures use shelves 
that can be solid, slatted, or open. Racks can be fixed, por- 
table, or movable. Loading can be either manual, using lift 
trucks, stacker cranes, or hand placement, or automatic, using 
machine-controlled storage and retrieval systems. 


Rack storage as referred to in this standard contemplates 
commodities in a rack structure, usually steel. Many variations 
of dimensions are found. Racks can be single-row, double-row, 
or multiple-row, with or without solid shelving. The standard 
commodity used in most of the tests was 42 in. (1.07 m) ona 
side. The types of racks covered in this standard are as follows: 


Conventional 


„palet 
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ee 
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Possible transverse flue spaces flue space 
Longitudinal 
«ve space 


Plan View 


FIGURE A.3.9.3.6 Typical Double-Row (Back-to-Back) Rack 
Arrangement. 


(1) Double-Row Racks. Pallets rest on two beams parallel to the 
aisle. Any number of pallets can be supported by one pair of 
beams. [See Figure A.3.9.3.7(a) through Figure A.3.9.3.7(d).] 

(2) Automatic Storage-Type Rack. The pallet is supported by 
two rails running perpendicular to the aisle. [See Fig- 
ure A. 3.9.3. 7(e).] 

(3) Multiple-Row Racks More Than Two Pallets Deep, Measured 
Aisle to Aisle. These racks include drive-in racks, drive- 
through racks, flow-through racks, portable racks ar- 
ranged in the same manner, and conventional or auto- 
matic racks with aisles less than 42 in. (1.07 m) wide. [See 
Figure A.3.9.3.7(f) through Figure A. 3.9.3. 7(i).] 

(4) Movable Racks. Movable racks are racks on fixed rails or 
guides. They can be moved back and forth only in a horizon- 
tal, two-dimensional plane. A moving aisle is created as abut- 
ting racks are either loaded or unloaded, then moved across 
the aisle to abut other racks. [See Figure A. 3. 9.3. 7(k).] 

(5) Solid Shelving. Conventional pallet racks with plywood 
shelves on the shelf beams [see Figure A.3.9.3.7(c) and Fig- 
ure A. 3.9.3. 7(d)]. These racks are used in special cases. (See 
Chapter 12.) 

(6) Cantilever Rack. The load is supported on arms that extend 
horizontally from columns. The load can rest on the arms or 
on shelves supported by the arms. [See Figure A.3.9.3.7(j).] 


Load depth in conventional or automatic racks should be 
considered a nominal 4 ft (1.22 m). [See Figure A. 3. 9.3.7(b).] 

When catwalks are installed between racks, these areas are 
not to be considered flue spaces. 


A.3.9.4.4 Miscellaneous Tire Storage. The limitations on the 
type and size of storage are intended to identify those situa- 
tions where tire storage is present in limited quantities and 
incidental to the main use of the building. Occupancies such 
as aircraft hangars, automobile dealers, repair garages, retail 
storage facilities, automotive and truck assembly plants, and 
mobile home assembly plants are types of facilities where mis- 


cellaneous storage could be present. 
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End View Aisle View 
Double Row 


L Longitudinal flue space 
T Transverse flue space 


FIGURE A.3.9.3.7(a) Conventional Pallet Rack. 


A Shelf depth H Rack depth 

B Shelf height L Longitudinal flue space 
E Storage height T Transverse flue space 
F Commodity 


FIGURE A.3.9.3.7(c) Double-Row Racks with Solid Shelves. 


A Load depth G Pallet 

B Load width H Rack depth 

E Storage height L Longitudinal flue space 
F Commodity T Transverse flue space 


FIGURE A.3.9.3.7(b) Double-Row Racks Without Solid or 
Slatted Shelves. 


A Shelf depth H Rack depth 

B Shelf height L Longitudinal flue space 
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FIGURE A.3.9.3.7(d) Double-Row Racks with Slatted Shelves. 
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FIGURE A.3.9.3.7(g) Flow-Through Pallet Rack. 
A Load depth G Pallet 
B Load width L Longitudinal flue space 
E Storage height T Transverse flue space 
F Commodity 


FIGURE A.3.9.3.7(e) Automatic Storage-Type Rack. 


> fe 
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Aisle View 
T Transverse flue space 


End View 
L Longitudinal flue space 


FIGURE A.3.9.3.7(h) Drive-In Rack — Two or More Pallets 
FIGURE A.3.9.3.7(f) Multiple-Row Rack to Be Served by a Deep (Fork Truck Drives into the Rack to Deposit and With- 
Reach Truck. draw Loads in the Depth of the Rack). 
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FIGURE A.3.9.3.7(i) Flow-Through Racks (Top) and Por- 
table Racks (Bottom). 


Optional 
over-aisle tie 


Optional aisle 
base 


Aisle — 


Single arm Double arm 


_End View 


Aisle View 


FIGURE A.3.9.3.7(j) Cantilever Rack. 
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Movable 
pallet 
rack 


Direction of 
<> 


movement 


Carriage 


Track 
wheel 7 in floor 
End View Aisle View \ Carriage 
Double Row wheel 


T Transverse flue space 
L Longitudinal flue space 


FIGURE A.3.9.3.7(k) Movable Rack. 


A.3.9.4.9 Rubber Tire Rack Illustrations. Figure A.3.9.4.9(a) 
through Figure A.3.9.4.9(g) do not necessarily cover all pos- 
sible rubber tire storage configurations. 


A.3.9.5.1.3 Standard Array (Paper). The occasional presence 
of partially used rolls on top of columns of otherwise uniform 
diameter rolls does not appreciably affect the burning charac- 
teristics. 


FIGURE A.3.9.4.9(b) Typical Palletized Portable Tire Rack 
Units. 
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76 in. 
(1.9 m) 
typical 


(1.7 m) 
typical 


A Load depth G Pallet 

B Load width H Rack depth 

E Storage height L Longitudinal flue space 
F Commodity T Transverse flue space 


FIGURE A.3.9.4.9(d) Double-Row Fixed Tire Rack Storage. 


A.3.9.5.6.3 Wrapped Roll Paper Storage. Rolls that are com- 
pletely protected with a heavyweight kraft wrapper on both 
sides and ends are subject to a reduced degree of fire hazard. 
Standard methods for wrapping and capping rolls are out- 
lined in Figure A.3.9.5.6.3. 

In some cases, rolls are protected with laminated wrappers, 
using two sheets of heavy kraft with a high-temperature wax 
laminate between the sheets. Where using this method, the 
overall weight of wax-laminated wrappers should be based on 
the basis weight per 1000 ft? (92.9 m?) of the outer sheet only, 
rather than on the combined basis weight of the outer and 
inner laminated wrapper sheets. A properly applied wrapper 
can have the effect of changing the class of a given paper to 
essentially that of the wrapper material. The effect of applying 
a wrapper to tissue has not been determined by test. 


FIGURE A.3.9.4.9(e) Palletized Portable Tire Rack, On-Side 
Storage Arrangement (Banded or Unbanded). 


FIGURE A.3.9.4.9(f) On-Floor Storage; On-Tread, Normally 
Banded. 


FIGURE A.3.9.4.9(g) Typical Laced Tire Storage. 


A.3.9.5.7 Roll Paper Storage Height. The size of rolls and 
limitations of mechanical handling equipment should be con- 
sidered in determining maximum storage height. 


A.3.9.6.1 Baled Cotton. See Table A.3.9.6.1. 
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Wrapper 
Exterior wrapper 
Body wrapper 


Body wrap 
Sleeve wrap 
Wrap — do not 
cap 


Heads 
Headers 


Inside heads 


Outside heads 


Edge protectors 
Edge bands 


Overwrap 


Roll cap 


General term for protective wrapping of sides 
and ends on roll. 


Wrapper placed around circumference of roll. 
No heads or caps needed. 


Protection applied to the ends of the rolls (A and 
B). Heads do not lap over the end of the roll. 


Protection applied to the ends of the rolls 
next to the roll itself (B). The wrapper of 
the rolls is crimped down over these heads. 


Protection applied to the ends of the rolls on 
the outside (A). This head is applied after 
the wrapper is crimped. 


Refers to extra padding to prevent damage to 
roll edges (C). 


The distance the body wrap or wrapper overlaps 
itself (D). 


A protective cover placed 
over the end of a roll. 
Edges of cap lap over the 
end of the roll and are 
secured to the sides of the 
roll. 


FIGURE A.3.9.5.6.3 Wrapping and Capping Terms and Meth- 


ods. 


Table A.3.9.6.1 Typical Cotton Bale Types and Approximate Sizes 


A.3.9.6.2 Tiered Storage. Untiered storage limits storage to 
the height of one bale, on side or on end. Sprinkler protection 
designed on this basis would likely prohibit future tiering with- 
out redesign of the sprinkler system. 


A.3.10.4 Heat-Sensitive Material. The backbone of the fire 
protection philosophy for U.S. flagged vessels and passenger 
vessels that trade internationally is limiting a fire to the com- 
partment of origin by passive means. Materials that do not 
withstand a I-hour fire exposure when tested in accordance 
with ASTM E 119, Standard Test Methods for Fire Tests of Building 
Construction and Materials, are considered “heat sensitive.” 


A.3.10.7 International Shore Connection. (See Figure A.3.10. 7.) 


A.3.10.8 Marine System. Some types of sprinkler systems can 
closely resemble marine systems, such as a system installed on 
a floating structure that has a permanent water supply connec- 
tion to a public main. For these types of systems, judgment 
should be used in determining if certain aspects of Chapter 25 
are applicable. 


A.3.10.9 Marine Thermal Barrier. A marine thermal barrier is 
typically referred to as a B-15 boundary. 


A.3.11.6 Post-Installed Anchors. Examples of these are wedge 
or undercut anchors, or powder-driven studs. 


A.4.3 A building constructed where the expected occupancy 
hazard and commodity classification of tenant uses are un- 
known at the time of the design and installation of the sprin- 
kler system presents special problems due to unknown factors 
of future tenants and uses. The design of sprinkler systems for 
such buildings should be carefully reviewed with the owners, 
builders, leasing agents, and local authorities having jurisdic- 
tion prior to the selection of design criteria and installation of 
the system. Consideration should be given to the available 
height for storage, as well as the occupancy hazards of poten- 
tial tenants and their likely storage needs. 

The intent of Section 4.3 is to provide the owner’s certifi- 


cate for all new systems and where there is a change of occu- 
pancy and/or building use. [See Figure A.22.1(b).] 


A44 Biocides and other chemicals that are approved and 
used for the prevention and mitigation of MIC and that do not 
adversely affect the fire-fighting properties of the water or the 
performance of the fire sprinkler system components are not 
prohibited. 


Dimensions Average Weight Volume Density 
Bale Type in. mm Ib kg ft? m3 lb/ft? kg/ m3 
Compressed, 57 x 29 x 23 1448 x 736 x 584 500 226.8 22.0 0.62 22.7 366 
standard 
Gin, standard 55x 31 x 21 1397 x 787 x 533 500 226.8 20.7 0.58 24.2 391 
Compressed, 58x25x21 1475 x 635 x 533 500 226.8 17.6 0.50 28.4 454 
universal 
Gin, universal 55x26x21 1397 x 660 x 533 500 226.8 17.4 0.49 28.7 463 
Compressed, 58 x 22 x 21 1473 x 559 x 533 500 226.8 15.5 0.44 32.2 515 
high density 
Densely packed 55 x 21 x 27.6 to 35.4 1400 x 530 x 700 to 900 500 226.8 21.1 0.60 22.0 360 


baled cotton 


| 2010 Edition 


Posted by Public.Resource.Org. Not affiliated with NFPA 


ANNEX A 


13-253 


International Shore Connection 


Threads to mate hydrants Threads to mate hydrants 


and hose at shore facilities and hose on ship 
As in. (14 mm) / 
Te minimum 
| Ý 


0.75 in. 
(19 mm) 


Shore Ship 


Material: Any suitable for 150 psi Material: Brass or bronze 
(10.3 bar) service (shore) suitable for 150 psi (10.3 bar) 
Flange surface: Flat face service (ship) 

Gasket material: Any suitable for 

150 psi (10.3 bar) service 

Bolts: Four % in. (16 mm) minimum 

diameter, 2 in. (51 mm) long, 

threaded to within 1 in. (25.4 mm) 

of bolt head 

Nuts: Four, to fit bolts 

Washers: Four, to fit bolts 


FIGURE A.3.10.7 International Shore Fire Connection. 


A.5.1 Occupancy examples in the listings as shown in the 
various hazard classifications are intended to represent the 
norm for those occupancy types. Unusual or abnormal fuel 
loadings or combustible characteristics and susceptibility for 
changes in these characteristics, for a particular occupancy, 
are considerations that should be weighed in the selection and 
classification. 

The light hazard classification is intended to encompass 
residential occupancies; however, this is not intended to pre- 
clude the use of listed residential sprinklers in residential oc- 
cupancies or residential portions of other occupancies. 


A.5.2 Light hazard occupancies include occupancies having 
uses and conditions similar to the following: 

Animal shelters 

Churches 

Clubs 

Eaves and overhangs, if of combustible construction with 
no combustibles beneath 

Educational 

Hospitals, including animal hospitals and veterinary facilities 

Institutional 

Kennels 

Libraries, except large stack rooms 

Museums 

Nursing or convalescent homes 

Offices, including data processing 

Residential 

Restaurant seating areas 


Theaters and auditoriums, excluding stages and prosceniums 

Unused attics 

Note that it is not the committee’s intent to automatically 
equate library bookshelves with ordinary hazard occupancies 
or with library stacks. Typical library bookshelves of approxi- 
mately 8 ft (2.4 m) in height, containing books stored verti- 
cally on end, held in place in close association with each other, 
with aisles wider than 30 in. (762 mm) can be considered to be 
light hazard occupancies. Similarly, library stack areas, which 
are more akin to shelf storage or record storage, as defined in 
NFPA 232, Standard for the Protection of Records, should be con- 
sidered to be ordinary hazard occupancies. 


A.5.3 For purposes of these definitions, Class I, Class II, Class III, 
and Class IV commodities would be considered to have moderate 
rates of heat release, while Group A plastics would be considered 
to have high rates of heat release. Stockpiles are considered to 
include display merchandise (mercantile) and arrangements of 
combustibles ancillary to operations within the occupancy as op- 
posed to dedicated storage areas where the fire loading is gener- 
ally more severe. 


A.5.3.1 Ordinary hazard occupancies (Group 1) include oc- 
cupancies having uses and conditions similar to the following: 

Automobile parking and showrooms 

Bakeries 

Beverage manufacturing 

Canneries 

Dairy products manufacturing and processing 

Electronic plants 

Glass and glass products manufacturing 

Laundries 

Restaurant service areas 


A.5.3.2 Ordinary hazard occupancies (Group 2) include oc- 
cupancies having uses and conditions similar to the following: 

Agricultural facilities 

Barns and stables 

Cereal mills 

Chemical plants — ordinary 

Confectionery products 

Distilleries 

Dry cleaners 

Exterior loading docks 


Note that exterior loading docks only used for loading and 
unloading of ordinary combustibles should be classified as 
OH2. For the handling of flammable and combustible liquids, 
hazardous materials, or where utilized for storage, exterior 
loading docks and all interior loading docks should be pro- 
tected based upon the actual occupancy and the materials 
handled on the dock, as if the materials were actually stored in 
that configuration. 

Feed mills 

Horse stables 

Leather goods manufacturing 

Libraries — large stack room areas 

Machine shops 

Metal working 

Mercantile 

Paper and pulp mills 

Paper process plants 

Piers and wharves 
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Plastics fabrication, including blow molding, extruding, 
and machining; excluding operations using combustible hy- 
draulic fluids 

Post offices 

Printing and publishing 

Racetrack stable/kennel areas, including those stable/ 
kennel areas, barns, and associated buildings at state, county, 
and local fairgrounds 


Repair garages 

Resin application area 

Stages 

Textile manufacturing 

Tire manufacturing 

Tobacco products manufacturing 
Wood machining 

Wood product assembly 


A.5.4.1 Extra hazard occupancies (Group 1) include occu- 
pancies having uses and conditions similar to the following: 

Aircraft hangars (except as governed by NFPA 409, Standard 
on Aircraft Hangars) 

Combustible hydraulic fluid use areas 

Die casting 

Metal extruding 

Plywood and particleboard manufacturing 

Printing [using inks having flash points below 100°F (38°C) | 

Rubber reclaiming, compounding, drying, milling, vulca- 
nizing 

Saw mills 

Textile picking, opening, blending, garnetting, or carding, 
combining of cotton, synthetics, wool shoddy, or burlap 

Upholstering with plastic foams 


A.5.4.2 Extra hazard occupancies (Group 2) include occu- 
pancies having uses and conditions similar to the following: 

Asphalt saturating 

Flammable liquids spraying 

Flow coating 

Manufactured home or modular building assemblies (where 
finished enclosure is present and has combustible interiors) 

Open oil quenching 

Plastics manufacturing 

Solvent cleaning 

Varnish and paint dipping 


A.5.5 Other NFPA standards contain design criteria for fire 
control or fire suppression (see Section 5.5 and Chapter 2). While 
these can form the basis of design criteria, this standard de- 
scribes the methods of design, installation, fabrication, calcu- 
lation, and evaluation of water supplies that should be used for 
the specific design of the system. 

Other NFPA standards contain sprinkler system design crite- 
ria for fire control or suppression of specific hazards. This infor- 
mation has been either referenced or copied into Chapter 21 
using NFPA’s extract policy. 


A.5.6 Specification of the type, amount, and arrangement of 
combustibles for any commodity classification is essentially an 
attempt to define the potential fire severity, based on its burning 
characteristics, so the fire can be successfully controlled by the 
prescribed sprinkler protection for the commodity class. In ac- 
tual storage situations, however, many storage arrays do not fit 
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precisely into one of the fundamental classifications; therefore, 
the user needs to make judgments after comparing each classifi- 
cation to the existing storage conditions. Storage arrays consist of 
thousands of products, which make it impossible to specify all the 
acceptable variations for any class. As an alternative, a variety of 
common products are classified in this annex based on judg- 
ment, loss experience, and fire test results. 

Table A.5.6 provides examples of commodities not ad- 
dressed by the classifications in Section 5.6. 

Table A.5.6.3 is an alphabetized list of commodities with 
corresponding classifications. 

Table A.5.6.3.1 through Table A.5.6.3.4 and Table A.5.6.4.1 
provide examples of commodities within a specific class. 


Table A.5.6 Examples of Commodities Not Addressed by the 
Classifications in Section 5.6 


Boat Storage 
- Stored on racks 
Boxes, Crates 
- Empty, wood slatted* 
Lighters (butane) 
- Loose in large containers (Level 3 aerosol) 
Storage Container 
- Large container storage of household goods 


*Should be treated as idle pallets. 


A.5.6.1.1 Commodity classification is governed by the types 
and amounts of materials (e.g., metal, paper, wood, plastics) 
that are a part of a product and its primary packaging. How- 
ever, in a storage or warehousing situation, classification is also 
affected by such factors as the primary storage or shipping 
container material, the amount of air space, and the location 
of the more hazardous materials within the container. For ex- 
ample, a Group A plastic product enclosed in a five- or six- 
sided metal container can be considered Class II, while a ce- 
ramic product heavily wrapped in tissue paper and placed in a 
corrugated carton could be Class III. 


A.5.6.2.2 For example, Class III will become Class IV, and 
Class IV will become a cartoned unexpanded Group A plastic 
commodity. 


A.5.6.2.3 For example, Class II will become Class IV, and 
Class III and Class IV will become a cartoned unexpanded 
Group A plastic commodity. 


A.5.6.3 See Table A.5.6.3. 


Table A.5.6.3 Alphabetized Listing of Commodity Classes 


Commodity 
Commodity Class 

Aerosols 

Cartoned or uncartoned — Level 1 Class HI 
Alcoholic Beverages 

Cartoned or uncartoned 

-Upto20 percentalcohol in metal, Class I 

glass, or ceramic containers 

- Up to 20 percent alcohol in wood Class II 


containers 
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Table A.5.6.3 Continued Table A.5.6.3 Continued 
Commodity Commodity 
Commodity Class Commodity Class 
Ammunition Canned Foods 
Small arms, shotgun — packaged, Class IV In ordinary cartons Class I 
cartoned Cans 
Appliances, Major Metal — empty Class I 
(e.g., stoves, refrigerators) Carpet Tiles 
- Not packaged, no appreciable Class I Cartoned Group A plastics 
plastic exterior trim Cartons 
- Corrugated, cartoned Class II Corrugated 
(no appreciable plastic trim) - Unassembled (neat piles) Class III 
Baked Goods - Partially assembled Class IV 
Cookies, cakes, pies Wax coated, single walled Group A plastics 
- Frozen, packaged in cartons* Class II Cement 
- Packaged, in cartons Class III Bagged Class I 
Batteries Cereals 
Dry cells (nonlithium or similar Packaged, cartoned Class III 
exotic metals) Charcoal 
- Packaged in cartons Class I Bagged — standard Class III 
- Blister-packed in cartons Class II Cheese 
Automobile — filled? Class I - Packaged, cartoned Class III 
Truck or larger — empty or filled” Group A plastics - Wheels, cartoned Class III 
Beans Chewing Gum 
Dried — packaged, cartoned Class III Packaged, cartoned Class III 
Boat Storage Chocolate 
- Stored in racks See Table A.5.6 Packaged, cartoned Class III 
Bottles, Jars Cloth 
Empty, cartoned Cartoned and not cartoned 
- Glass Class I - Natural fiber, viscose Class III 
- Plastic PET Class IV - Synthetic" Class IV 
(polyethylene terephthalate) Cocoa Products 
Filled noncombustible powders Packaged, cartoned Class III 
- Plastic PET Class II Coffee 
- Glass, cartoned Class I - Canned, cartoned Class I 
- Plastic, cartoned Class IV - Packaged, cartoned Class HI 
[less than 1 gal (3.8 L)] Coffee Beans 
- Plastic, uncartoned Group A plastics Bagged Class HI 
(other than PET), any size Cotton 
- Plastic, cartoned or exposed Group A plastics Packaged, cartoned Class III 
[greater than 1 gal (3.8 L)| Diapers 
- Plastic, solid plastic crates Group A plastics - Cotton, linen Class III 
- Plastic, open plastic crates Group A plastics - Disposable with plastics and Class IV 
Filled noncombustible liguids nonwoven fabric (in cartons) 
- Glass, cartoned Class I - Disposable with plastics and Group A plastics 
- Plastic, cartoned Class I nonwoven fabric (uncartoned), 
[less than 5 gal (18.9 L)] plastic wrapped 
- Plastic, open or solid plastic crates“ Group A plastics Dried Foods 
- Plastic, PET Class I Packaged, cartoned Class III 
Boxes, Crates Fertilizers 
- Empty, wood, solid walls Class II Bagged 
- Empty, wood, slatted See Table A.5.6 - Phosphates Class I 
Bread - Nitrates Class II 
Wrapped cartoned Class III Fiberglass Insulation 
Butter - Paper-backed rolls, bagged or Class IV 
Whipped spread Class III unbagged 
Candles File Cabinets 
Packaged, cartoned Metal 
- Treat as expanded plastic Group A plastics - Cardboard box or shroud Class I 
Candy 
Packaged, cartoned Class III (continues) 
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Table A.5.6.3 Continued 


Table A.5.6.3 Continued 


Commodity Commodity 
Commodity Class Commodity Class 
Fish or Fish Products Meat, Meat Products 
Frozen - Bulk Class I 
- Nonwaxed, nonplastic packaging Class I - Canned, cartoned Class I 
- Waxed-paper containers, cartoned Class II - Frozen, nonwaxed, nonplastic Class I 
- Boxed or barreled Class II containers 
- Plastic trays, cartoned Class III - Frozen, waxed-paper containers Class II 
Canned - Frozen, expanded plastic trays Class II 
- Cartoned Class I Metal Desks 
Frozen Foods - With plastic tops and trim Class I 
Nonwaxed, nonplastic packaging Class I Milk 
- Waxed-paper containers, cartoned Class II - Nonwaxed-paper containers Class I 
- Plastic trays Class III - Waxed-paper containers Class I 
Fruit - Plastic containers Class I 
Fresh - Containers in plastic crates Group A plastics 
- Nonplastic trays or containers Class I Motors 
- With wood spacers Class I - Electric Class I 
Furniture Nail Polish 
Wood - 1 oz to 2 oz (29.6 ml to 59.1 ml) Class IV 
- No plastic coverings or foam plastic Class III glass, cartoned 
cushioning - 1 oz to 2 oz (29.6 ml to 59.1 ml) Group A plastics 
- With plastic coverings Class IV plastic bottles, cartoned 
- With foam plastic cushioning Group A plastics Nuts 
Grains — Packaged in Cartons - Canned, cartoned Class I 
- Barley Class III - Packaged, cartoned Class III 
- Rice Class HI - Bagged Class III 
- Oats Class HI Paints 
Ice Cream Class I Friction-top cans, cartoned 
Leather Goods Class III - Water-based (latex) Class I 
Leather Hides - Oil-based Class IV 
Baled Class II Paper Products 
Light Fixtures - Books, magazines, stationery, Class III 
Nonplastic — cartoned Class II plastic-coated paper food 
Lighters containers, newspapers, cardboard 
Butane games, or cartoned tissue products 
- Blister-packed, cartoned Group A plastics - Tissue products, uncartoned and Group A plastics 
- Loose and in large containers See Table A.5.6 plastic wrapped 
(Level 3 aerosol) Paper, Rolled 
Liguor In racks or on side Class III 
100 proof or less, 1 gal (3.8 L) or - Medium- or heavyweight 
less, cartoned In racks Class IV 
- Glass (palletized) © Class IV - Lightweight 
- Plastic bottles Class IV Paper, Waxed 
Marble Packaged in cartons Class IV 
Artificial sinks, countertops Pharmaceuticals 
- Cartoned, crated Class II Pills, powders 
Margarine - Glass bottles, cartoned Class II 
- Up to 50 percent oil (in paper or Class HI - Plastic bottles, cartoned Class IV 
plastic containers) Nonflammable liguids 
- Between 50 percentand 80 percent Group A plastics - Glass bottles, cartoned Class II 
oil (in any packaging) Photographic Film 
Matches - Motion picture or bulk rolls of film Class II 
Packaged, cartoned in polycarbonate, polyethylene, or 
- Paper Class IV metal cans, polyethylene bagged in 
- Wood Group A plastics cardboard boxes 
Mattresses - 35 mm in metal film cartridges in Class III 
- Standard (box spring) Class III polyethylene cans in cardboard 
- Foam (in finished form) Group A plastics boxes 
- Paper, in sheets, bagged in Class III 
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Table A.5.6.3 Continued Table A.5.6.3 Continued 
Commodity Commodity 
Commodity Class Commodity Class 
Photographic Film (continued) Stuffed Toys 
- Rolls in polycarbonate plastic Class IV Foam or synthetic Group A plastics 
cassettes, bulk wrapped in Storage Container 
cardboard boxes - Large container storage of See Table A.5.6 
Plastic Containers (except PET) household goods 
- Noncombustible liquids or Class I Syrup 
semiliquids in plastic containers less - Drummed (metal containers) Class I 
than 5 gal (18.9 L) capacity - Barreled, wood Class II 
- Noncombustible liguids or Class II Textiles 
semiliguids (such as ketchup) in Natural fiber clothing or textile Class III 
plastic containers with nominal wall products 
thickness of 1⁄4 in. (6.4 mm) or less Synthetics (except rayon and nylon) 
and larger than 5 gal (18.9) capacity — 50/50 blend or less 
- Noncombustible liguids or Group A plastics - Thread, yarn on wood or paper Class III 
semiliguids (such as ketchup) in spools 
plastic containers with nominal wall - Fabrics Class III 
thickness greater than V4 in. - Thread, yarn on plastic spools Class IV 
(6.4 mm) and larger than 5 gal - Baled fiber Group A plastics 
(18.9 L) capacity Synthetics (except rayon and nylon) 
Polyurethane — greater than 50/50 blend 
- Cartoned or uncartoned expanded Group A plastics - Thread, yarn on wood or paper Class IV 
Poultry Products spools 
- Canned, cartoned Class I - Fabrics Class IV 
- Frozen, nonwaxed, nonplastic Class I - Baled fiber Group A plastics 
containers - Thread, yarn on plastic spools Group A plastics 
- Frozen (on paper or expanded Class II Rayon and nylon 
plastic trays) - Baled fiber Class IV 
Powders - Thread, yarn on wood or paper Class IV 
Ordinary combustibles — free spools 
flowing - Fabrics Class IV 
- In paper bags (e.g., flour, sugar) Class II - Thread, yarn on plastic spools Group A plastics 
PVA (polyvinyl alcohol) Resins Tobacco Products 
PVC (polyvinyl chloride) In paperboard cartons Class III 
- Flexible (e.g., cable jackets, Class III Transformers 
plasticized sheets) Dry and oil filled Class I 
- Rigid (e.g., pipe, pipe fittings) Class III Vinyl-Coated Fabric 
- Bagged resins Class HI Cartoned Group A plastics 
Rags Vinyl Floor Coverings 
Baled - Tiles in cartons Class IV 
- Natural fibers Class III - Rolled Group A plastics 
- Synthetic fibers Class IV Wax-Coated Paper 
Rubber Cups, plates 
- Natural, blocks in cartons Class IV - Boxed or packaged inside cartons Class IV 
- Synthetic Group A plastics (emphasis on packaging) 
Salt - Loose inside large cartons Group A plastics 
- Bagged Class I Wax 
- Packaged, cartoned Class II Paraffin/ petroleum wax, blocks, Group A plastics 
Shingles cartoned 
- Asphalt-coated fiberglass Class HI Wire 
- Asphalt-impregnated felt Class IV - Bare wire on metal spools on wood Class I 
Shock Absorbers skids 
- Metal dust cover Class II - Bare wire on wood or cardboard Class II 
- Plastic dust cover Class III spools on wood skids 
Signatures - Bare wire on metal, wood, or Class II 
Books, magazines cardboard spools in cardboard 
- Solid array on pallet Class II boxes on wood skids 
Skis - Single- or multiple-layer Class II 
- Wood Class III PVC-covered wire on metal spools 
- Foam core Class IV on wood skids 


(continues) 
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Table A.5.6.3 Continued 


Table A.5.6.3.1 Continued 


Commodity 
Commodity Class 
Wire (continued) 

- Insulated (PVC) cable on large Class II 
wood or metal spools on wood skids 

- Bare wire on plastic spools in Class IV 
cardboard boxes on wood skids 

- Single- or multiple-layer Class IV 
PVC-covered wire on plastic spools 
in cardboard boxes on wood skids 

- Single, multiple, or power cables Class IV 


(PVC) on large plastic spools 
- Bulk storage of empty plastic spools Group A plastics 
Wood Products 


- Solid piles — lumber, plywood, Class II 
particleboard, pressboard (smooth 
ends and edges) 

- Spools (empty) Class III 


- Toothpicks, clothespins, hangers in Class III 


cartons 

- Doors, windows, wood cabinets, and Class III 
furniture 

- Patterns Class IV 


“The product is presumed to be in a plastic-coated package in a corru- 
gated carton. If packaged in a metal foil, it can be considered Class I. 

P Most batteries have a polypropylene case and, if stored empty, should be 
treated as a Group A plastic. Truck batteries, even where filled, should be 
considered a Group A plastic because of their thicker walls. 

“As the openings in plastic crates become larger, the product behaves 
more like a Class III commodity. Conversely, as the openings become 
smaller, the product behaves more like a plastic. 

“ Tests clearly indicate that a synthetic or synthetic blend is considered 
greater than Class III. 

“ When liquor is stored in glass containers in racks, it should be con- 
sidered a Class III commodity; where it is palletized, it should be con- 
sidered a Class IV commodity. 


A.5.6.3.1 See Table A.5.6.3.1. 


Table A.5.6.3.1 Examples of Class I Commodities 


Alcoholic Beverages 
Cartoned or uncartoned 
- Up to 20 percent alcohol in metal, glass, or ceramic 
containers 
Appliances, Major (e.g., stoves, refrigerators) 
- Not packaged, no appreciable plastic exterior trim 
Batteries 
Dry cells (nonlithium or similar exotic metals) 
- Packaged in cartons 
Automobile 
- Filled* 
Bottles, Jars 
Empty, cartoned 
- Glass 
Filled noncombustible liquids 
- Glass, cartoned 
- Plastic, cartoned [less than 5 gal (18.9 L)] 
- Plastic, PET 
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Filled noncombustible powders 
- Glass, cartoned 
Canned Foods 
In ordinary cartons 
Cans 
Metal 
- Empty 
Cement 
Bagged 
Coffee 
Canned, cartoned 
Fertilizers 
Bagged 
- Phosphates 
File Cabinets 
Metal 
- Cardboard box or shroud 
Fish or Fish Products 
Frozen 
- Nonwaxed, nonplastic packaging 
Canned 
- Cartoned 
Frozen Foods 
Nonwaxed, nonplastic packaging 
Fruit 
Fresh 
- Nonplastic trays or containers 
- With wood spacers 
Ice Cream 
Meat, Meat Products 
- Bulk 
- Canned, cartoned 
- Frozen, nonwaxed, nonplastic containers 
Metal Desks 
- With plastic tops and trim 
Milk 
- Nonwaxed-paper containers 
- Waxed-paper containers 
- Plastic containers 
Motors 
- Electric 
Nuts 
- Canned, cartoned 
Paints 
Friction-top cans, cartoned 
- Water-based (latex) 
Plastic Containers 
- Noncombustible liquids or semiliquids in plastic 
containers less than 5 gal (18.9 L) capacity 
Poultry Products 
- Canned, cartoned 
- Frozen, nonwaxed, nonplastic containers 
Salt 
Bagged 
Syrup 
Drummed (metal containers) 
Transformers 
Dry and oil filled 
Wire 
Bare wire on metal spools on wood skids 


*Most batteries have a polypropylene case and, if stored empty, should 
be treated as a Group A plastic. Truck batteries, even where filled, 
should be considered a Group A plastic because of their thicker walls. 
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A.5.6.3.2 See Table A.5.6.3.2. 


Table A.5.6.3.2 Examples of Class II Commodities 


Alcoholic Beverages 
Up to 20 percent alcohol in wood containers 
Appliances, Major (e.g., stoves) 
Corrugated, cartoned (no appreciable plastic trim) 
Baked Goods 
Cookies, cakes, pies 
- Frozen, packaged in cartons* 
Batteries 
Dry cells (nonlithium or similar exotic metals) in blister 
pack in cartons 
Bottles, Jars 
Filled noncombustible powders 
- Plastic PET 
Boxes, Crates 
Empty, wood, solid walls 
Fertilizers 
Bagged 
- Nitrates 
Fish or Fish Products 
Frozen 
- Waxed-paper containers, cartoned 
- Boxed or barreled 
Frozen Foods 
Waxed-paper containers, cartoned 
Leather Hides 
Baled 
Light Fixtures 
Nonplastic 
- Cartoned 
Marble 
Artificial sinks, countertops 
- Cartoned, crated 
Meat, Meat Products 
- Frozen, waxed-paper containers 
- Frozen, expanded plastic trays 
Pharmaceuticals 
Pills, powders 
- Glass bottles, cartoned 
Nonflammable liquids 
- Glass bottles, cartoned 
Photographic Film 
- Motion picture or bulk rolls of film in polycarbonate, 
polyethylene, or metal cans; polyethylene bagged in 
cardboard boxes 
Plastic Containers 
Noncombustible liquids or semiliquids (such as ketchup) 
in plastic containers with nominal wall thickness of Y4 in. 
(6.4 mm) or less and larger than 5 gal (18.9 L) capacity 
Poultry Products 
Frozen (on paper or expanded plastic trays) 
Powders (ordinary combustibles — free flowing) 
In paper bags (e.g., flour, sugar) 
Salt 
Packaged, cartoned 
Shock Absorbers 
Metal dust cover 


Table A.5.6.3.2 Continued 


Signatures 
Book, magazines 
- Solid array on pallet 
Syrup 
Barreled, wood 
Wire 
- Bare wire on wood or cardboard spools on wood skids 
- Bare wire on metal, wood, or cardboard spools in 
cardboard boxes on wood skids 
- Single- or multiple-layer PVC-covered wire on metal 
spools on wood skids 
- Insulated (PVC) cable on large wood or metal spools on 
wood skids 
Wood Products 
Solid piles 
- Lumber, plywood, particle board, pressboard (smooth 
ends and edges) 


*The product is in a plastic-coated package in a corrugated carton. If 
packaged in a metal foil, it can be considered Class I. 


A.5.6.3.3 See Table A.5.6.3.3. 


Table A.5.6.3.3 Examples of Class III Commodities 


Aerosols 

Cartoned or uncartoned 

- Level 1 
Baked Goods 

Cookies, cakes, pies 

- Packaged, in cartons 
Beans 

Dried 

- Packaged, cartoned 
Bread 

Wrapped, cartoned 
Butter 

Whipped spread 
Candy 

Packaged, cartoned 
Cartons 

Corrugated 

- Unassembled (neat piles) 
Cereals 

Packaged, cartoned 
Charcoal 

Bagged 

- Standard 
Cheese 

- Packaged, cartoned 

- Wheels, cartoned 
Chewing Gum 

Packaged, cartoned 
Chocolate 

Packaged, cartoned 
Cloth 

Cartoned and not cartoned 

- Natural fiber, viscose 


2010 Edition o] 


Posted by Public.Resource.Org. Not affiliated with NFPA 


13-260 INSTALLATION OF SPRINKLER SYSTEMS 


Table A.5.6.3.3 Continued 


Table A.5.6.3.3 Continued 


Cocoa Products 
Packaged, cartoned 
Coffee 
Packaged, cartoned 
Coffee Beans 
Bagged 
Cotton 
Packaged, cartoned 
Diapers 
Cotton, linen 
Dried Foods 
Packaged, cartoned 
Fish or Fish Products 
Frozen 
- Plastic trays, cartoned 
Frozen Foods 
Plastic trays 
Furniture 
Wood 
- No plastic coverings or foam plastic cushioning 
Grains — Packaged in Cartons 
- Barley 
- Rice 
- Oats 
Margarine 
Up to 50 percent oil (in paper or plastic containers) 
Mattresses 
Standard (box spring) 
Nuts 
- Packaged, cartoned 
- Bagged 
Paper Products 
Books, magazines, stationery, plastic-coated paper food 
containers, newspapers, cardboard games, cartoned tissue 
products 
Paper, Rolled 
In racks or on side 
- Medium or heavyweight 
Photographic Film 
- 35 mm in metal film cartridges in polyethylene cans in 
cardboard boxes 
- Paper, in sheets, bagged in polyethylene, in cardboard 
boxes 
PVC (polyvinyl chloride) 
- Flexible (e.g., cable jackets, plasticized sheets) 
- Rigid (e.g., pipe, pipe fittings) 
- Bagged resins 
Rags 
Baled 
- Natural fibers 
Shingles 
Asphalt-coated fiberglass 
Shock Absorbers 
Plastic dust cover 
Skis 
Wood 
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Textiles 
Natural fiber clothing or textile products 
Synthetics (except rayon and nylon) — 
50/50 blend or less 
- Thread, yarn on wood or paper spools 
- Fabrics 

Tobacco Products 
In paperboard cartons 

Wood Products 
- Spools (empty) 
- Toothpicks, clothespins, hangers in cartons 
- Doors, windows, wood cabinets, and furniture 


A.5.6.3.4 See Table A.5.6.3.4. 


Table A.5.6.3.4 Examples of Class IV Commodities 


Ammunition 
Small arms, shotgun 
- Packaged, cartoned 
Bottles, Jars 
Empty, cartoned 
- Plastic PET (polyethylene terephthalate) 
Filled noncombustible powders 
- Plastic, cartoned [less than 1 gal (3.8 L)] 
Cartons 
Corrugated 
- Partially assembled 
Cloth 
Cartoned and not cartoned 
- Synthetic* 
Diapers 
Disposable with plastics and nonwoven fabric (in cartons) 
Fiberglass Insulation 
- Paper-backed rolls, bagged or unbagged 
Furniture 
Wood 
- With plastic coverings 
Liquor 
100 proof or less, 1 gal (3.8 L) or less, cartoned 
- Glass (palletized)? 
- Plastic bottles 
Matches 
Packaged, cartoned 
- Paper 
Nail Polish 
1 oz to 2 oz (29.6 ml to 59.1 ml) glass, cartoned 
Paints 
Friction-top cans, cartoned 
- Oil based 
Paper, Rolled 
In racks 
- Lightweight 
Paper, Waxed 
Packaged in cartons 
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Table A.5.6.3.4 Continued 


Pharmaceuticals 
Pills, powders 
- Plastic bottles, cartoned 
Photographic Film 
- Rolls in polycarbonate plastic cassettes, bulk wrapped in 
cardboard boxes 
PVA (polyvinyl alcohol) Resins 
Bagged 
Rags 
Baled 
- Synthetic fibers 
Rubber 
Natural, blocks in cartons 
Shingles 
Asphalt-impregnated felt 
Skis 
Foam core 
Textiles 
Synthetics (except rayon and nylon) — 
50/50 blend or less 
- Thread, yarn on plastic spools 
Synthetics (except rayon and nylon) — greater than 50/50 
blend 
- Thread, yarn on wood or paper spools 
- Fabrics 
Rayon and nylon 
- Baled fiber 
- Thread, yarn on wood or paper spools 
- Fabrics 
Vinyl Floor Coverings 
Tiles in cartons 
Wax-Coated Paper 
Cups, plates 
- Boxed or packaged inside cartons (emphasis is on 
packaging) 
Wire 
- Bare wire on plastic spools in cardboard boxes on wood 
skids 
- Single- or multiple-layer PVC-covered wire on plastic 
spools in cardboard boxes on wood skids 
- Single, multiple, or power cables (PVC) on large plastic 
spools 
Wood Products 
Patterns 


* Tests clearly indicate that a synthetic or synthetic blend is considered 
greater than Class III. 

P Where liquor is stored in glass containers in racks, it should be con- 
sidered a Class III commodity; where it is palletized, it should be con- 
sidered a Class IV commodity. 


A.5.6.4 The categories listed in 5.6.4.1, 5.6.4.2, and 5.6.4.3 
are based on unmodified plastic materials. The use of fire- or 
flame-retarding modifiers or the physical form of the material 
could change the classification. 


A.5.6.4.1 See Table A.5.6.4.1. 


Table A.5.6.4.1 Examples of Group A Plastic Commodities 


Batteries 
Truck or larger 
- Empty or filled* 
Bottles, Jars 
Empty, cartoned 
- Plastic (other than PET), any size 
Filled noncombustible liquids 
- Plastic, open or solid plastic crates” 
Filled noncombustible powders 
- Plastic, cartoned or uncartoned 
[greater than 1 gal (3.8 L)] 
- Plastic, solid plastic crates 
- Plastic, open plastic crates 
Candles 
Packaged, cartoned 
- Treat as expanded plastic 
Carpet Tiles 
Cartoned 
Cartons 
Wax coated, single walled 
Diapers 
Disposable with plastics and nonwoven fabric 
(uncartoned), plastic wrapped 
Furniture 
Wood 
- With foam plastic cushioning 
Lighters 
Butane 
- Blister-packed, cartoned 
Margarine 
Between 50 percent and 80 percent oil (in any packaging) 
Matches 
Packaged, cartoned 
- Wood 
Mattresses 
Foam (in finished form) 
Milk 
Containers in plastic crates 
Nail Polish 
1 oz to 2 oz (29.6 ml to 59.1 ml) plastic bottles, cartoned 
Paper Products 
Tissue products, uncartoned and plastic wrapped 
Plastic Containers 
- Combustible or noncombustible solids in plastic 
containers and empty plastic containers 
- Noncombustible liquids or semiliquids (such as ketchup) 
in plastic containers with nominal wall thickness greater 
than V4 in. (6.4 mm) and larger than 5 gal (18.9 L) 
capacity 
Polyurethane 
Cartoned or uncartoned expanded 
Rubber 
Synthetic 
Stuffed Toys 
Foam or synthetic 


(continues) 
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Table A.5.6.4.1 Continued 


Textiles 
Synthetics (except rayon and nylon) — 
50/50 blend or less 
- Baled fiber 
Synthetics (except rayon and nylon) — greater than 50/50 
blend 
- Baled fiber 
- Thread, yarn on plastic spools 
Rayon and nylon 
- Thread, yarn on plastic spools 
Vinyl-Coated Fabric 
Cartoned 
Vinyl Floor Coverings 
Rolled 
Wax-Coated Paper 
Cups, plates 
- Loose inside large cartons 
Wax 
Paraffin/petroleum wax, blocks, cartoned 
Wire 
Bulk storage of empty plastic spools 


“ Most batteries have a polypropylene case and, if stored empty, should 
be treated as a Group A plastic. Truck batteries, even where filled, 
should be considered a Group A plastic because of their thicker walls. 
P As the openings in plastic crates become larger, the product behaves 
more like Class III. Conversely, as the openings become smaller, the 
product makeup behaves more like a plastic. 


A.5.6.5 Paper Classification. These classifications were derived 
from a series of large-scale and laboratory-type small-scale fire 
tests. It is recognized that not all paper in a class burns with 
exactly the same characteristics. 

Paper can be soft or hard, thick or thin, or heavy or light and 
can also be coated with various materials. The broad range of 
papers can be classified according to various properties. One im- 
portant property is basis weight, which is defined as the weight of 
a sheet of paper of a specified area. Two broad categories are 
recognized by industry — paper and paperboard. Paperboard 
normally has a basis weight of 20 Ib (9.1 kg) or greater measured 
on a 1000 ft? (92.9 m”) sheet. Stock with a basis weight less than 
20 Ib/1000 ft? (9.1 kg/92.9 m”) is normally categorized as paper. 
The basis weight of paper is usually measured on a 3000 ft? 
(278.7 m”) sheet. The basis weight of paper can also be measured 
on the total area of a ream of paper, which is normally the case 
for the following types of printing and writing papers: 


(1) Bond paper— 500 sheets, 17 in. x 22 in. (432 mm x 559 mm) 
= 1300 ft? (120.8 m?) per ream 

(2) Book paper — 500 sheets, 25 in. x 38 in. (635 mm x 965 mm) 
= 3300 ft? (306.6 m°) per ream 

(3) Index paper — 500 sheets, 25% in. x 30% in. (648 mm 
x 775 mm) = 2700 ft? (250.8 m”) per ream 

(4) Bristol paper — 500 sheets, 22% in. x 35 in. (572 mm 
x 889 mm) = 2734 ft? (254 m”) per ream 

(5) Tag paper— 500 sheets, 24 in. x 36 in. (610 mm x 914 mm) 
= 3000 ft? (278.7 m”) per ream 


For the purposes of this standard, all basis weights are ex- 
pressed in Ib/1000 ft? (kg/92.9 m”) of paper. To determine the 
basis weight per 1000 ft? (92.9 m”) for papers measured on a 
sheet of different area, the following formula should be applied: 
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Base weight 
1000 ft? 


Example: To determine the basis weight per 1000 ft? (92.9 m°) 
of 16 lb (7.3 kg) bond paper: 


( 16 lb Jiooo 
1300 ft? 


Large- and small-scale fire tests indicate that the burning 
rate of paper varies with the basis weight. Heavyweight paper 
burns more slowly than lightweight paper. Full-scale roll paper 
fire tests were conducted with the following types of paper: 


(1) Linerboard — 42 1b/1000 ft? (19.1 kg/92.9 m?) nominal 
basis weight 

(2) Newsprint — 10 1b/1000 ft? (4.5 kg/92.9 m?) nominal basis 
weight 

(3) Tissue — 5 1b/1000 ft? (2.3 kg/92.9 m?) nominal basis 
weight 


= basis weight x 1000 measured area 


_ 12.3 Ib 
1000 ft? 


The rate of firespread over the surface of the tissue rolls 
was extremely rapid in the full-scale fire tests. The rate of fire- 
spread over the surface of the linerboard rolls was slower. 
Based on the overall results of these full-scale tests, along with 
additional data from small-scale testing of various paper 
grades, the broad range of papers has been classified into 
three major categories as follows: 


(1) Heavyweight — Basis weight of 20 1b/1000 ft? (9.1 kg/ 
92.9 m”) or greater 

(2) Mediumweight — Basis weight of 10 Ib to 20 1b/1000 ft? 
(4.5 kg to 9.1 kg/92.9 m°) 

(3) Lightweight — Basis weight of less than 10 1b/1000 ft? 
(4.5 kg/92.9 m?) and tissues regardless of basis weight 


The following SI units were used for conversion of English 
units: 


1 Ib = 0.454 kg 
l in. = 25.4 mm 
1 ft = 0.3048 m 


1 ft? = 0.0929 m? 


The various types of papers normally found in each of the 
four major categories are provided in Table A.5.6.5. 


A.6.1.1 Included among items requiring listing are sprin- 
klers, some pipe and some fittings, hangers, alarm devices, 
valves controlling flow of water to sprinklers, valve tamper 
switches, electrically operated solenoid valves, and gauges. 
Products are typically investigated in accordance with pub- 
lished standards. Examples of standards used to investigate 
several products installed in sprinkler systems are referenced 
in Table A.6.1.1. This table does not include a comprehensive 
list of all product standards used to investigate products in- 
stalled in sprinkler systems. 


A.6.2.2 The four- to six-character sprinkler identification 
number, with no intervening spaces, is intended to identify 
the sprinkler operating characteristics in lieu of the tradi- 
tional laboratory approval marking (e.g., SSU, SSP, EC, QR, 
etc.). The number, marked on the deflector of most sprinklers 
and elsewhere on decorative ceiling sprinklers, consists of one 
or two characters identifying the manufacturer, followed by 
three or four digits. 
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Table A.5.6.5 Paper Classification 
Heavyweight Mediumweight Lightweight Tissue 
Linerboards Bond and reproduction  Carbonizing tissue Toilet tissue 
Medium Vellum Cigarette Towel tissue 
Kraft roll wrappers Offset Fruit wrap 
Milk carton board Tablet Onion skin 
Folding carton board Computer 
Bristol board Envelope 
Tag Book 
Vellum bristol board Label 
Index Magazine 
Cupstock Butcher 
Pulp board Bag 


Newsprint (unwrapped) 


Sprinkler manufacturers have identified their manufac- 
turer designations for the listing organizations. In order to 
identify a manufacturer based on the Sprinkler Identification 
Number, see the listing at www.sprinklerworld.org. Each 
change in orifice size, response characteristics, or deflector 
(distribution) characteristics results in a new sprinkler identi- 
fication number. The numbers do not identify specific charac- 
teristics of sprinklers but can be referenced in the database 
information compiled by the listing organizations. At the plan 
review stage, the sprinkler identification number should be 
checked against such a database or the manufacturer’s litera- 
ture to ensure that sprinklers are being used properly and 
within the limitations of their listings. Field inspections can 
include spot checks to ensure that the model numbers on the 
plans are those actually installed. 


A.6.2.3.1 See Table A.6.2.3.1. 


A.6.2.5 Information regarding the highest temperature that 
can be encountered in any location in a particular installation 
can be obtained by use of a thermometer that will register the 
highest temperature encountered; it should be hung for several 
days in the location in question, with the plant in operation. 


A.6.2.6.1 Examples of such locations include the following: 


(1) Paper mills 
(2) Packing houses 
(3) Tanneries 
(4) Alkali plants 
(5) Organic fertilizer plants 
(6) Foundries 
(7) Forge shops 
(8) Fumigation, pickle, and vinegar works 
(9) Stables 
(10) Storage battery rooms 
(11) Electroplating rooms 
(12) Galvanizing rooms 
(13) Steam rooms of all descriptions, including moist vapor 
dry kilns 
(14) Salt storage rooms 
(15) Locomotive sheds or houses 
(16) Driveways 
(17) Areas exposed to outside weather, such as piers and 
wharves exposed to salt air 
(18) Areas under sidewalks 


(19) Areas around bleaching equipment in flour mills 

(20) All portions of cold storage buildings where a direct am- 
monia expansion system is used 

(21) Portions of any plant where corrosive vapors prevail 

(22) Area over and around swimming pools, chlorine storage 
rooms, and pool pump rooms 


A.6.2.6.1.2 Care should be taken in the handling and instal- 
lation of wax-coated or similar sprinklers to avoid damaging 
the coating. 


A.6.2.6.2 Painting of sprinklers can retard the thermal re- 
sponse of the heat-responsive element, can interfere with the 
free movement of parts, and can render the sprinkler inopera- 
tive. Moreover, painting can invite the application of subse- 
quent coatings, thus increasing the possibility of a malfunc- 
tion of the sprinkler. 


A.6.2.6.4.2 Plastic bags should not be used for this purpose 
due to the fact that shrinkage prior to development of tem- 
peratures needed to ensure sprinkler activation can interfere 
with proper sprinkler operation and development of spray 
patterns. The prohibition against plastic bags should include 
polypropylene bags commonly marketed as “cello” bags. True 
cellophane degrades rather than melts and, like paper, does 
not display shrinkage. 


A.6.2.7.2 The use of the wrong type of escutcheon with re- 
cessed or flush-type sprinklers can result in severe disruption 
of the spray pattern, which can destroy the effectiveness of the 
sprinkler. 


A.6.2.9.1 A minimum of two sprinklers of each type and tem- 
perature rating should be provided. 


A.6.2.9.6 One sprinkler wrench design can be appropriate 
for many types of sprinklers and should not require multiple 
wrenches of the same design. 


A.6.2.9.7.1 The minimum information in the list contained 
in the spare sprinkler cabinet should be marked with the 
sprinkler identification described in 6.2.1; a general descrip- 
tion of the sprinkler, including upright, pendent, residential, 
ESFR, etc.; and the quantity of sprinklers that is to be main- 
tained in the spare sprinkler cabinet. 

An example of the list is shown in Figure A.6.2.9.7.1. 
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Table A.6.1.1 Examples of Standards for Sprinkler System Products 


Category Standard 


Sprinklers ANSI/UL 199, Automatic Sprinklers for Fire Protection Service 
FM 2000, Automatic Control Mode Sprinklers for Fire Protection 
ANSI/UL 1626, Residential Sprinklers for Fire Protection Service 
FM 2030, Residential Automatic Sprinklers 
ANSI/UL 1767, Early-Suppression Fast-Response Sprinklers 
FM 2008, Suppression Mode ESFR Automatic Sprinklers 
FM 1632, Telescoping Sprinkler Assemblies for Use in Fire Protection 
Systems for Anechoic Chambers 


Valves ANSI/UL 193, Alarm Valves for Fire Protection Service 

FM 1041, Alarm Check Valves 

ANSI/UL 260, Dry Pipe and Deluge Valves for Fire Protection Service 

FM 1021, Dry Pipe Valves 

FM 1020, Automatic Water Control Valves 

UL 262, Gate Valves for Fire Protection Service 

FM 1120, 1130, Fire Service Water Control Valves (OS & Y and NRS Type Gate Valves) 
ANSI/UL 312, Check Valves for Fire Protection Service 

FM 1210, Swing Check Valves 

UL 1091, Butterfly Valves for Five Protection Service 

FM 1112, Indicating Valves (Butterfly or Ball Type) 

ANSI/UL 1468, Direct Acting Pressure Reducing and Pressure Restricting Valves 
ANSI/UL 1739, Pilot-Operated Pressure-Control Valves for Fire Protection Service 
M 1362, Pressure Reducing Valves 

M 1011/1012/1013, Deluge and Preaction Sprinkler Systems 

M 1031, Quick Opening Devices (Accelerators and Exhausters) for Dry Pipe Valves 
M 1042, Waterflow Alarm Indicators (Vane Type) 

M 1045, Waterflow Detector Check Valves 

M 1140, Quick Opening Valves V4 Inch Through 2 Inch Nominal Size 


es e> le> ie» fe: ies) 


Hangers ANSI/UL 203, Pipe Hanger Equipment for Fire Protection Service 
FM 1951, 1952, 1953, Pipe Hanger Components for Automatic Sprinkler Systems 
FM 1950, Seismic Sway Brace Components for Automatic Sprinkler Systems 


Fittings ANSI/UL 213, Rubber Gasketed Fittings for Protection Service 

FM 1920, Pipe Couplings and Fittings for Fire Protection Systems 

UL 1474, Adjustable Drop Nipples for Sprinkler Systems 

FM 1631, Adjustable and Fixed Sprinkler Fittings 12 inch through 1 inch Nominal Size 
UL 2443, Flexible Sprinkler Hose With Fittings for Fire Protection Service 

FM 1637, Flexible Sprinkler Hose with Fittings 


Pressure Gages UL 393, Indicating Pressure Gauges for Five Protection Service 
FM 2311, Pressure Gauges for Fire Protection Systems 


Pipe — Aboveground UL 852, Metallic Sprinkler Pipe for Fire Protection Service 

FM 1630, Steel Pipe for Automatic Fire Sprinkler Systems 

ANSI/UL 1821, Thermoplastic Sprinkler Pipe and Fittings for Fire Protection Service 

FM 1635, Plastic Pipe & Fittings for Automatic Sprinkler Systems 

FM 1636, Fire Resistant Barriers for use with CPVC Pipe and Fittings in Light Hazard Occupancies 


Pipe — Underground UL 1285, Polyvinyl Chloride (PVC) Pipe and Couplings for Underground Fire Service 

FM 1612, Polyvinyl Chloride (PVC) Pipe and Fittings for Underground Fire Protection Service 
FM 1613, Polyethylene (PE) Pipe and Fittings for Underground Fire Protection Service 

FM 1610, Ductile Iron Pipe and Fittings, Flexible Fittings and Couplings 

FM 1620, Pipe Joints and Anchor Fittings for Underground Fire Service Mains 
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Table A.6.2.3.1 Nominal Sprinkler Orifice Sizes 


Nominal K-Factor Nominal Orifice Size 


U.S. Metric 
Igpm/ — [L/min/ 


(psi)4] (bar) 4] in. mm 
1.4 20 Ya 6.4 
1.9 27 Ae 8.0 
2.8 40 % 9.5 
4.2 57 M6 11.0 
5.6 80 Vp 12.7 
8.0 115 1 Yan 13.5 

11.2 160 % 15.9 
14.0 200 Ya 19.0 
16.8 240 = = 
19.6 280 — Z 
22.4 320 23 = 
25.2 360 = = 
28.0 400 = = 


Sprinklers Contained in this Cabinet 
Sprinkler Sprinkler 
Identification, General Temperature Quantity 
SIN Description Rating, °F Maintained 
Extended 
TY9128 Coverage, 6 
K-25, upright 
Concealed 
VK425 pendent 6 
residential 
Issued: 10/3/05 Revised: 
FIGURE A.6.2.9.7.1 Sample List. 


A.6.3.2 See Table A.6.3.2. 
A.6.3.5 See Table A.6.3.5. 


A.6.3.6 Other types of pipe and tube that have been investi- 
gated and listed for sprinkler applications include lightweight 
steel pipe and thermoplastic pipe and fittings. While these 
products can offer advantages, such as ease of handling and 
installation, cost effectiveness, reduction of friction losses, and 
improved corrosion resistance, it is important to recognize 
that they also have limitations that are to be considered by 
those contemplating their use or acceptance. 

Corrosion studies have shown that, in comparison to 
Schedule 40 pipe, the effective life of lightweight steel pipe 
can be reduced, the level of reduction being related to its wall 
thickness. Further information with respect to corrosion resis- 
tance is contained in the individual listings for such pipe. 

With respect to thermoplastic pipe and fittings, exposure 
of such piping to elevated temperatures in excess of that for 
which it has been listed can result in distortion or failure. Ac- 
cordingly, care must be exercised when locating such systems 
to ensure that the ambient temperature, including seasonal 
variations, does not exceed the rated value. 


The upper service temperature limit of currently listed 
CPVC sprinkler pipe is 150°F (65.5°C) at 175 psi (12.1 bar). 

Not all pipe or tube made to ASTM F 442, Standard Specifi- 
cation for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
(SDR-PR), is listed for fire sprinkler service. Listed pipe is iden- 
tified by the logo of the listing agency. 

Not all fittings made to ASTM F 437, Standard Specification 
for Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
Fittings, Schedule 80, ASTM F 438, Standard Specification for 
Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
Fittings, Schedule 40: and ASTM F 439, Standard Specification for 
Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
Fittings, Schedule 80, as described in 6.4.3, are listed for fire 
sprinkler service. Listed fittings are identified by the logo of 
the listing agency. 

Consideration must also be given to the possibility of expo- 
sure of the piping to elevated temperatures during a fire. The 
survival of thermoplastic piping under fire conditions is pri- 
marily due to the cooling effect of the discharge from the 
sprinklers it serves. As this discharge might not occur simulta- 
neously with the rise in ambient temperature and, under some 
circumstances, can be delayed for periods beyond the toler- 
ance of the piping, protection in the form of a fire-resistant 
membrane is generally required. (Some listings do provide for 
the use of exposed piping in conjunction with residential or 
quick-response sprinklers, but only under specific, limited in- 
stallation criteria.) 

Where protection is required, it is described in the listing 
information for each individual product, and the require- 
ments given must be followed. It is equally important that such 
protection must be maintained. Removal of, for example, one 
or more panels in a lay-in ceiling can expose piping in the 
concealed space to the possibility of failure in the event of a 
fire. Similarly, the relocation of openings through protective 
ceilings that expose the pipe to heat, inconsistent with the 
listing, would place the system in jeopardy. The potential for 
loss of the protective membrane under earthquake conditions 
should also be considered. 

While the listings of thermoplastic piping do not prohibit 
its installation in combustible concealed spaces where the pro- 
vision of sprinkler protection is not required, and while the 
statistical record of fire originating in such spaces is low, it 
should be recognized that the occurrence of a fire in such a 
space could result in failure of the piping system. 

The investigation of pipe and tube other than described in 
Table 6.3.1.1 should involve consideration of many factors, 
including the following: 


(1) Pressure rating 

(2) Beam strength (hangers) 

(3) Unsupported vertical stability 

(4) Movement during sprinkler operation (affecting water 
distribution) 

(5) Corrosion (internal and external), chemical and electrolytic 

(6) Resistance to failure when exposed to elevated tempera- 
tures 

(7) Methods of joining (strength, permanence, fire hazard) 

(8) Physical characteristics related to integrity during 
earthquakes 


A.6.3.8.1 Where approved, the pipe identification can be cov- 
ered with paint or other protective coatings before installation. 
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Table A.6.3.2 Steel Pipe Dimensions 


Schedule 5 Schedule 10* Schedule 30 Schedule 40 
Nominal Outside Inside Wall Inside Wall Inside Wall Inside Wall 
Pipe Size Diameter Diameter Thickness Diameter Thickness Diameter Thickness Diameter Thickness 
in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm 
1 15 0.840 21.3 0.674 17.0 0.083 2.1 0.622 15.8 0.109 2.8 
Ya” 20 1.050 26.7 0.884 22.4 0.083 2.1 0.824 21.0 0.113 2.9 
1 25 1.315 83.4 1.185 30.1 0.065 1.7 1.097 27.9 0.109 2.8 1.049 26.6 0.133 3.4 
14 32 1.660 42.2 1.530 38.9 0.065 1.7 1.442 36.6 0.109 2.8 1.880 35.1 0.140 3.6 
1% 40 1.900 48.3 1.770 45.0 0.065 1.7 1.682 42.7 0.109 2.8 1.610 40.9 0.145 3.7 
2 50 2.375 60.3 2.245 57.0 0.065 1.7 2157 548 0.109 2.8 2.067 52.5 0154 3.9 
2% 65 2.875 73.0 2.709 68.8 0.083 2.1 2.635 66.9 0.120 3.0 2.469 62.7 0.203 5.2 
3 80 3.500 88.9 3.334 84.7 0.083 2.1 3.260 828 0.120 3.0 3.068 77.9 0.216 5.5 
3% 90 4.000 101.6 3.834 97.4 0.083 2.1 3.760 95.5 0.120 3.0 3.548 90.1 0.226 5.7 
4 100 4.500 114.3 4.334110.1 0.083 2.1 4.260 108.2 0.120 3.0 4.026 102.3 0.237 6.0 
5 125 5.563 141.3 5.295 134.5 0.134 3.4 5.047 128.2 0.258 6.6 
6 150 6.625 168.3 6.407162.7 0.109 2.8 6.357 161.5 0.134° 3.4 6.065 1541 0.280 7.1 
8 200 8.625 219.1 8.249 209.5 0.188° 4.8 8.071 205.0 0.277" 7.0 7.981 — 0.322 — 
10 250 10.750 273.1 10.370 263.4 0.188° 4.8 10.140 257.6 0.307" 7.8 10.020 — 0.365 — 
12 300 12.750 12.090 — 0.330" 11.938 — 0.406 — 
* Schedule 10 defined to 5 in. (127 mm) nominal pipe size by ASTM A 135, Standard Specification for Electric- 
Resistance-Welded Steel Pipe. 
P These values applicable when used in conjunction with 8.14.19.3 and 8.14.19.4. 
“Wall thickness specified in 6.3.2. 
“Wall thickness specified in 6.3.3. 
Table A.6.3.5 Copper Tube Dimensions 
Type K Type L Type M 
Nominal Outside Inside Wall Inside Wall Inside Wall 
Tube Size Diameter Diameter Thickness Diameter Thickness Diameter Thickness 
in. mm in. mm in. mm in. mm in. mm in. mm in mm in. mm 
Ya 20 0.875 22.2 0.745 18.9 0.065 1.7 0.785 19.9 0.045 11 0.811 20.6 0.032 0.8 
1 25 1.125 28.6 0.995 25.3 0.065 1.7 1.025 26.0 0.050 1.3 1.055 26.8 0.035 0.9 
1⁄4 32 1.375 34.9 1.245 31.6 0.065 1.7 1.265 32.1 0.055 1.4 1291 32.8 0.042 1.1 
1% 40 1.625 41.3 1.481 37.6 0.072 1.8 1.505 38.2 0.060 1.5 1.527 38.8 0.049 1.2 
2 50 2.125 54.0 1.959 49.8 0.083 2.1 1.985 50.4 0.070 1.8 2.009 51.0 0.058 1.5 
2% 65 2.625 66.7 2.435 61.8 0.095 2.4 2.465 62.6 0.080 2.0 2.495 63.4 0.065 1.7 
3 80 3.125 79.4 2.907 73.8 0.109 2.8 2.945 74.8 0.090 2.3 2.981 75.7 0.072 1.8 
319 90 3.625 92.1 3.385 86.0 0.120 3.0 3.425 87.0 0.100 2.5 3.459 87.9 0.083 2.1 
4 100 4.125 104.8 3.857 98.0 0.134 3.4 3.905 99.2 0.110 2.8 3.935 99.9 0.095 2.4 
5 125 5.125 130.2 4.805 122.0 0.160 4.1 4.875 123.8 0.125 3.2 4.907 124.6 0.109 2.8 
6 150 6.125 155.6 5.741 145.8 0.192 4.9 5.845 148.5 0.140 3.6 5.881 149.4 0.122 3.1 
8 200 8.125 206.4 7.583 192.6 0.271 6.9 7.725 196.2 0.200 5.1 7.785 197.7 0.170 4.3 
10 250 10.130 257.3 9.449 240.0 0.338 8.6 9.625 244.5 0.250 6.4 9.701 246.4 0.212 54 


A.6.4.3 Rubber-gasketed pipe fittings and couplings should 
not be installed where ambient temperatures can be expected 
to exceed 150°F (66°C) unless listed for this service. If the 
manufacturer further limits a given gasket compound, those 
recommendations should be followed. 


A.6.4.4 The rupture strength of cast-iron fittings 2 in. 
(50.8 mm) in size and smaller and malleable iron fittings 6 in. 
(152.4 mm) in size and smaller is sufficient to provide an ad- 
equate factor of safety. 


A.6.4.5 Listed flexible connections are permissible and encour- 
aged for sprinkler installations in racks to reduce the possibility 
of physical damage. Where flexible tubing is used, it should be 
located so that it will be protected against mechanical injury. 


a 2010 Edition 


A.6.5.1.2 Some steel piping material having lesser wall 
thickness than specified in 6.5.1.2 has been listed for use in 
sprinkler systems where joined with threaded connections. 
The service life of such products can be significantly less 
than that of Schedule 40 steel pipe, and it should be deter- 
mined if this service life will be sufficient for the application 
intended. 


All such threads should be checked by the installer using 
working ring gauges conforming to the “Basic Dimensions of 
Ring Gauges for USA (American) Standard Taper Pipe 
Threads, NPT,” as per Table 8 of ASME B1.20.1, Pipe Threads, 
General Purpose (Inch). 
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A.6.5.2.2 Cutting and welding operations account for 4 per- 
cent of fires each year in nonresidential properties and 8 per- 
cent in industrial and manufacturing properties. In-place 
welding of sprinkler piping introduces a significant hazard 
that can normally be avoided by shop-welding the piping and 
installing the welded sections with mechanical fittings. As a 
result, the standard requires that all piping be shop-welded. 
When such situations cannot be avoided, the exceptions out- 
line procedures and practices that minimize the increase in 
hazard. 


A.6.5.2.3.1 Listed, shaped, and contoured nipples meet the 
definition of fabricated fittings. 


A.6.5.2.4.1 Partial penetration welds on outlet fitting connec- 
tions are considered adequate, since there is no significant 
load on the joint other than that caused by pressure internal 
to the pipe (see Figure A.6.5.2.4.1). The load due to the internal 
pressure can be accommodated with a weld that has a conser- 
vative weld throat thickness that can be calculated as follows: 


Weld throat thickness (in.)= PD x 0.000035 


where: 
P = rated system pressure (psig) 
D = Outside diameter of the fitting (in.) 


For example: If you assume a pressure of 300 psig and the 
OD of the outlet fitting of 3 in., the result of the thickness 
calculation is 0.0315 in. When compared to the minimum 
throat thickness of Yis in. (0.18 in.), there is a factor of more 
than 5 times the calculated thickness value. 


A.6.5.2.4.2 The preparation of mating surfaces is important 
to the proper fabrication of a weld joint. To accomplish this, 
the mating surfaces for a circumferential weld butt joint 
should be prepared and configured so that a full penetration 
weld is achievable, but a partial penetration weld is acceptable. 
(See Figure A.6.5.2.4.2.) 


A.6.5.3.1 Itis not the intent to require a listed combination of 
couplings, fittings, or valves. 


A.6.5.3.2 Material strength and pressure rating should be 
considered when determining compatibility. 


A.6.5.4 The fire hazard of the brazing and soldering pro- 
cesses should be suitably safeguarded. 


A.6.5.4.5 Soldering fluxes manufactured to the specifications 
required by Table 6.3.1.1 are unlikely to cause damage to the 
seats of sprinklers. When brazing flux is used, it must be of a 
type not likely to damage the seats of sprinklers. 


Oto Vie in. le As designed—>| ia 


45° 
minimum 


Wild 


Ye in. minimum 


45° typical 


3 


0 to Me in. 


Typical Full Penetration Joint 


FIGURE A.6.5.2.4.1 Weld Descriptions. 


CY ga 


Partial Penetration Joint 


A.6.6 See Section 9.1 for information pertaining to the type 
of hangers and hanger components acceptable for use on a 
sprinkler system. 


A.6.7.4 The intent of 6.7.4 is to provide assistance in deter- 
mining the area of a building served by a particular control 
valve. 


A.6.7.4.3.1 Care should be taken to ensure that all water sup- 
plies are isolated before work begins. Work on systems by shut- 
ting one valve and not knowing about another valve could 
result in unexpected water discharge. 


A.6.8.1 The purpose of the fire department connection is to 
supplement the water supply but not necessarily provide the 
entire sprinkler system demand. Fire department connections 
are not intended to deliver a specific volume of water. 


A.6.9.2.4 The surge of water that occurs when the valve trips 
can seriously damage the device. Paddle-type waterflow de- 
vices are also permitted to be installed on wet systems that 
supply auxiliary dry pipe and/or preaction systems. 


A.6.9.3.1 Audible alarms are normally located on the outside 
of the building. Listed electric gongs, bells, horns, or sirens 
inside the building, or a combination of such used inside and 
outside, are sometimes advisable. 


Outside alarms might not be necessary where the sprinkler 
system is used as part of a central station, auxiliary, remote 
station, or proprietary signaling fire alarm system, utilizing 
listed audible inside alarm devices. 


A.6.9.3.2 All alarm apparatus should be so located and in- 
stalled that all parts are accessible for inspection, removal, and 
repair, and such apparatus should be substantially supported. 


The water motor gong bell mechanism should be pro- 
tected from weather-related elements such as rain, snow, or 
ice. To the extent practicable, it should also be protected from 
other influencing factors such as birds or other small animals 
that might attempt to nest in such a device. 


A.6.9.4 Switches that will silence electric alarm-sounding de- 
vices by interruption of electric current are not desirable; how- 
ever, if such means are provided, then the electric alarm- 
sounding device circuit should be arranged so that, when the 
sounding device is electrically silenced, that fact should be 
indicated by means of a conspicuous light located in the vicin- 
ity of the riser or alarm control panel. This light should re- 
main in operation during the entire period of the electric cir- 
cuit interruption. 


<— Minimum weld dimension, 
see 6.5.2.4.1 Minimum 


weld 
dimension, 
see 6.5.2.4.1 


WC EE 


Fillet Welded Joint 
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30° to 45° 


X22 in. to V8 nl k Ya in. to Vin. 


Open Root Butt Weld 


| FIGURE A.6.5.2.4.2 Weld Diagram. 


A.7.2 A dry pipe system should be installed only where heat is 
not adequate to prevent freezing of water in all parts of, or in 
sections of, the system. Dry pipe systems should be converted 
to wet pipe systems when they become unnecessary because 
adequate heat is provided. Sprinklers should not be shut off in 
cold weather. 

Where two or more dry pipe valves are used, systems pref- 
erably should be divided horizontally to prevent simultaneous 
operation of more than one system and the resultant in- 
creased time delay in filling systems and discharging water and 
to prevent receipt of more than one waterflow alarm signal. 

Where adequate heat is present in sections of the dry pipe 
system, consideration should be given to dividing the system 
into a separate wet pipe system and dry pipe system. Mini- 
mized use of dry pipe systems is desirable where speed of op- 
eration is of particular concern. 


A.7.2.2(2) Installation limitations of listed dry pendent sprin- 
klers can vary with different products. Limitations should be 
included in product installation instructions to warn the user 
of the potential accumulation of water, scale, and sediment 
from collecting at the sprinkler. 


A.7.2.3 The capacities of the various sizes of pipe given in 
Table A.7.2.3 are for convenience in calculating the capacity of 
a system. 


A.7.2.3.1 The 60-second limit does not apply to dry systems 
with capacities of 500 gal (1893 L) or less, nor to dry systems 
with capacities of 750 gal (2839 L) or less if equipped with a 
quick-opening device. 


A.7.2.3.7 See Figure A.7.2.3.7. 


%e in. nom.—>! 


30° to 45° 


w 72 SS. 


le Ve in. to %22 in. 


Butt Weld with Backing Ring 


A.7.2.5 The dry pipe valve should be located in an accessible 
place near the sprinkler system it controls. Where exposed to 
cold, the dry pipe valve should be located in a valve room or 
enclosure of adequate size to properly service equipment. 


A.7.2.5.1 The dry pipe valve and supply piping should be in 
an area maintained at or above 40°F (4°C). It is the intent of 


From second 
most remote 
branch line 


From most 
remote branch 
line 


Equivalent 
orifice for dry 
system sprinklers 


FIGURE A.7.2.3.7 Example Manifold Arrangement (Four 
Sprinklers). 


Table A.7.2.3 Capacity of 1 ft of Pipe (Based on Actual Internal Pipe Diameter) 


Nominal Pipe Diameter Pipe Nominal Pipe Diameter Pipe 
in mm Schedule 40 Schedule 10 Sin — Schedule 40 Schedule 10 
i (gal) (gal) (gal) (gal) 
Ya 20 0.028 3 80 0.383 0.433 
1 25 0.045 0.049 3% 90 0.513 0.576 
1⁄4 32 0.078 0.085 4 100 0.660 0.740 
1% 40 0.106 0.115 5 125 1.040 1.144 
2 50 0.174 0.190 6 150 1.501 1.649” 
2% 65 0.248 0.283 8 200 2.66" 2.776" 


For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 gal = 3.785 L. 
* Schedule 30. 

P 0.134 wall pipe. 

“0.188 wall pipe. 
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the committee to protect the valves from freezing. The occa- 
sional exposure of valves to short exposures of air tempera- 
tures below 40°F (4°C) that would not cause the valves to 
freeze does not justify the construction of a valve room. 


A.7.2.6.2 The compressor should draw its air supply from 
within the operating criteria allowed by the manufacturer of 
the compressor. Air piping should not be attached to the in- 
take of the compressor unless acceptable to the compressor 
manufacturer and installed in accordance with 7.9.2.7. Dam- 
age, air reduction, or reduced life expectancy can result if 
guidelines are not followed. 


A.7.2.6.2.2 When a single compressor serves multiple dry 
pipe systems, the 30-minute fill time is based on the single 
largest system. 


A.7.2.6.5.1 Air maintenance devices are unique components 
within the air supply and need to be listed for use. Compres- 
sors are not air maintenance devices and this section does not 
require air compressors to be listed. 


A.7.3.1 Conditions of occupancy or special hazards might 
require quick application of large quantities of water, and, in 
such cases, deluge systems might be needed. 

Fire detection devices should be selected to ensure opera- 
tion yet guard against premature operation of sprinklers 
based on normal room temperatures and draft conditions. 

In locations where ambient temperature at the ceiling is 
high from heat sources other than fire conditions, heat- 
responsive devices that operate at higher than ordinary tem- 
perature and that are capable of withstanding the normal 
high temperature for long periods of time should be selected. 

Where corrosive conditions exist, materials or protective 
coatings that resist corrosion should be used. 

To help avoid ice formation in piping due to accidental 
tripping of dry pipe valves in cold storage rooms, a deluge 
automatic water control valve can be used on the supply side 
of the dry pipe valve. Where this method is employed, the 
following also apply: 


(1) Dry systems can be manifolded to a deluge valve, with the 
protected area not exceeding 40,000 ft? (3716 m?). 

(2) Where a dry system is manifolded to a deluge valve, the 
distance between valves should be as short as possible to 
minimize water hammer. 

(3) The dry pipe valves should be pressurized to 50 psi (3.4 bar) 
to reduce the possibility of dry pipe valve operation from 
water hammer. 


A.7.3.1.1 When using electrical operating methods to actuate 
preaction systems and deluge systems, care should be ob- 
served in selecting the solenoid valve. This valve must be com- 
patible with the fire detection system, including its control 
panel, and the preaction or deluge valve. This often involves 
listing with both the preaction or deluge valve manufacturer 
and the fire detection system manufacturer. Information re- 
garding solenoid compatibility is included in the releasing de- 
vice (panel) installation instructions. 

Small preaction and deluge systems with and without sepa- 
rate electrical-based detection and control panels have been 
installed prior to the introduction of the detection system re- 
quirements of NFPA 72, National Fire Alarm and Signaling Code. 
Pneumatic-based actuation using heat actuated devices 
(HADs), pneumatic line-type detection, and pilot sprinklers 


are examples of non-electric-based detectors and control de- 
vices. NFPA 13 recognizes the use and installation of these 
types of systems and provides guidance in producing a reliable 
detection and suppression system combination. Remote 
manual operation of combined dry pipe and preaction sys- 
tems is needed because of the often very long length dimen- 
sion of such systems and the long travel time to reach the 
control valves. Such remote manual operation speeds water 
into the piping network. 


A.7.3.2.3.1.4 Although the time criteria for calculated sys- 
tems is not required, a test is still required to document the 
initial water delivery for comparison to future inspection test 
requirements. If the time of a single sprinkler test outlet ex- 
ceeds 70 seconds, evaluation of the calculations and the sys- 
tem installation might be necessary. 


A.7.3.2.4 Supervision, either electrical or mechanical, as 
used in 7.3.2.4 refers to constant monitoring of piping and 
detection equipment to ensure the integrity of the system. De- 
tection devices of listed flow cycling assemblies that cause an 
alarm during a single open or a single ground fault condition 
should be considered to satisfy the supervision requirement. 


A.7.3.2.5(2) See A.7.2.2(2). 


A.7.3.3 Where 8 in. (203 mm) piping is employed to reduce 
friction losses in a system operated by fire detection devices, a 
6 in. (152 mm) preaction or deluge valve and a 6 in. (152 mm) 
gate valve between tapered reducers should be permitted. 


A.7.4.2 Systems described by Section 7.4 are special types of 
noninterlocking preaction systems intended for use in, but 
not limited to, structures where a number of dry pipe valves 
would be required if a dry pipe system were installed. These 
systems are primarily used in piers and wharves. 


A.7.4.2.1 See Figure A.7.4.2.1. 


Typical piping layout 
(in one-story shed — 4-section system) 


FIGURE A.7.4.2.1 Typical Piping Layout for Combined Dry 
Pipe and Preaction Sprinkler System. 


A.7.4.2.4(2) See A.7.2.2(2). 


A.7.4.3.2 Figure A.7.4.3.2 is a depiction of a valve arrange- 
ment complying with 7.4.3.2. 


A.7.6.1 The definition of an antifreeze system states that wa- 
ter will discharge after the antifreeze leaves the pipes. Systems 
that are all antifreeze, including tanks of antifreeze solution 
that will not discharge plain water, are not true antifreeze sys- 
tems. Such systems should not be used without consideration 
to issues such as the combustibility of the antifreeze solution 
and the friction loss in the piping during cold conditions. 
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Tubing or wiring to fire detection system 


Supplemental | 


a i SS Aen 


nS 1 r 

| | Tripping Tripping | 

| | device device | 
tin. — a | ~_ 4 tin. 
(25 mm) | i (25 mm) 


A Q Exhauster | 
D TS 
5 - 
Xx Gow 
c N 
1 in. = | 
(25 mm) D UJ) 
£ TNA, 


vein. (125 mm) ‘yp - 


Ye in. (12.5 mm) 


Ye in. (12.5 mm) bypass 


Approved 
indicating 
valves 


From water supply 


FIGURE A.7.4.3.2 Header for Dry Pipe Valves Installed in Parallel for Combined Systems; Standard Trimmings Not Shown. 
Arrows Indicate Direction of Fluid Flow. 
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A.7.6.2 Listed CPVC sprinkler pipe and fittings should be 
protected from freezing with glycerine only. The use of dieth- 
ylene, ethylene, or propylene glycols is specifically prohibited. 
Laboratory testing shows that glycol-based antifreeze solutions 
present a chemical environment detrimental to CPVC. 

The use of premixed antifreeze solutions is not required by 
this standard but can be required for certain specially listed 
equipment or systems. Thoroughly mixed antifreeze is less 
likely to drop out of solution. When antifreeze solutions are 
mixed on-site, the solution should be thoroughly mixed be- 
fore being pumped into the piping. Prior to pumping solution 
that is mixed on-site into system piping, several samples 
should be tested from the batch to ensure that the concentra- 
tion of the solution is uniform. 


A.7.6.2.4 Beyond certain limits, an increased proportion of 
antifreeze does not lower the freezing point of solution (see 
Figure A. 7.6.2.4). 

Glycerine, diethylene glycol, ethylene glycol, and propy- 
lene glycol should never be used without mixing with water in 
proper proportions, because these materials tend to thicken 
near 32°F (0°C). 


+32 
6” +14 > 
3 23 


0 10 20 30 


40 50 60 
Percent by volume 


70 80 90 100 


FIGURE A.7.6.2.4 Freezing Points of Water Solutions of Eth- 
ylene Glycol and Diethylene Glycol. 


A.7.6.2.5 The following are data sources for Figure 7.6.2.5 (c): 


(1) Density data for 100 percent water was taken from 
Lange's Handbook of Chemistry, Revised Tenth Edition, 
page 1199. Temperatures have been converted from Cel- 
sius to Fahrenheit units, and data points at 10 degree 
Fahrenheit multiples have been determined by linear in- 
terpolation. Conversion from relative to absolute density 
was achieved by multiplying by 0.999973. 

(2) Densities of glycerine—water solutions at 0°C and above 
were taken from Table HI (p. 6) in Glycerol by Anthony 
Armin Newman, C.R.C. Press, 1968, Densities for tem- 
peratures below 0°C were taken from Table IV. Tempera- 
tures have been converted from Celsius to Fahrenheit 
units, and data points at 10 degree Fahrenheit multiples 
have been determined by linear interpolation. 

(3) Density data for pure glycerine was taken from Table II (p. 6) 
in Glycerol by Anthony Armin Newman, C.R.C. Press, 1968, 
and derived from the thermal expansion data in Table 
7-9 in Glycerol by Carl S. Miner and N. N. Dalton, Reinhold 
Publishing Corp., 1953 (American Chemical Society Mono- 
graph Series #117) using the density for 0°C as a base point. 
Temperatures have been converted from Celsius to Fahren- 
heit units, and data points 10 degree Fahrenheit multiples 
have been determined by linear interpolation. 


(4) Freezing points were taken from the article, “Freezing 
Points of Glycerol and its Aqueous Solution” by Leonard 
B. Lane in Industrial and Engineering Chemistry, volume 17 
(1925), number 9, page 924. Temperatures have been 
converted from Celsius to Fahrenheit units. 


A.7.6.3.1 All permitted antifreeze solutions are heavier than 
water. At the point of contact (interface), the heavier liquid 
will be below the lighter liquid, preventing diffusion of water 
into the unheated areas. 


A.7.6.3.2 One formula for sizing the chamber is as follows. 
Other methods also exist. 


D 
AL=S,| — -1 
Dy 
where: 


AL = change in antifreeze solution volume (gal) due 
to thermal expansion 

Sy = volume (gal) of antifreeze system, not including 
the expansion chamber 

D, = density (gm/ml) of antifreeze solution at lowest 

expected temperature 

density (gm/ml) of antifreeze solution at highest 

expected temperature 


Dy 

This method is based on the following information: 
BV _B-Y, BRV, 

T T T, 


0 1 2 


Vic = minimum required volume (gal) of expansion 
chamber 
Vo = air volume (gal) in expansion chamber at 
precharge (before installation) 
V, = air volume (gal) in expansion chamber at 
normal static pressure 
Və = air volume (gal) in expansion chamber at 
post-expansion pressure (antifreeze at high 
temperature) 
Po = absolute precharge pressure (psia) on expansion 
chamber before installation 
P, = absolute static pressure (psi) on water (supply) 
side of backflow preventer 
P> = absolute maximum allowable working pressure 
(psi) for antifreeze system 
To = temperature (°R) of air in expansion chamber at 
precharge 
T, = temperature (°R) of air in expansion chamber 
when antifreeze system piping is at lowest 
expected temperature 
Tə = temperature (°R) of air in expansion chamber 
when antifreeze system piping is at highest 
expected temperature 
This equation is one formulation of the ideal gas law from 
basic chemistry. The amount of air in the expansion chamber 
will not change over time. The pressure, temperature, and 
volume of the air at different times will be related in accor- 
dance with this formula: 


V =V -AL 
The antifreeze in the system is essentially incompressible, 
so the air volume in the expansion chamber will decrease by 
an amount equal to the expansion of the antifreeze. 
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It is assumed that there is no trapped air in the system 
piping, so the only air in the system is in the expansion cham- 
ber. This is a conservative assumption, since more air is better. 
In reality, there will be at least some trapped air. However, only 
the air in the expansion chamber can be relied upon to be 
available when needed. 


Vic = Vo 
At precharge, the chamber will be completely full of air. 


-ED BALT 
E ROR(R T-P-T) 

In cases where the normal static pressure on the sprinkler 
system is close to the maximum working pressure, antifreeze 
systems are not advisable if the connection to the wet pipe 
system will incorporate a backflow device. In these cases, ex- 
pansion of the antifreeze solution during warm weather will 
cause the antifreeze system to exceed the maximum working 
pressure, regardless of the size of the expansion chamber. The 
normal static pressure is too close to the maximum working 
pressure if the preceding formula for Vyc yields a negative 
result. If this occurs, use a dry pipe system instead or install a 
pressure reducing valve before the backflow preventer. 


A.7.6.3.3 The expansion chamber should be appropriately 
sized and precharged with air pressure. 


A.7.6.3.6 Systems larger than 40 gal (151 L) are required by 
NFPA 25 to check the concentration levels at the supply inlet 
to the antifreeze system and at a remote point of the system. 


A.7.7.1.2 Outlets should be provided at critical points on 
sprinkler system piping to accommodate attachment of pres- 
sure gauges for test purposes. 


A.7.8.4.2.1 See Figure A.7.8.4.2.1. 


GY 
7 B 
jae 
g 
s : : Pitch pipe 
TEA Fa 
sprinklers 


System A 
Check valve 


FIGURE A.7.8.4.2.1 Typical Arrangement of Check Valves. 


A.7.8.4.2.3 See Figure A.7.8.4.2.3. 


A.7.9 Careful installation and maintenance, and some special 
arrangements of piping and devices as outlined in this section, 
are needed to avoid the formation of ice and frost inside pip- 
ing in cold storage rooms that will be maintained at or below 
32°F (0°C). Conditions are particularly favorable to condensa- 
tion where pipes enter cold rooms from rooms having tem- 
peratures above freezing. 
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FIGURE A.7.8.4.2.3 Alternate Arrangement of Check Valves. 


Whenever the opportunity offers, fittings such as those 
specified in 7.9.2.1, as well as flushing connections, should be 
provided in existing systems. 

Where possible, risers should be located in stair towers or 
other locations outside of refrigerated areas, which would re- 
duce the probabilities of ice or frost formation within the riser 
(supply) pipe. 

Cross mains should be connected to risers or feed mains 
with flanges. In general, flanged fittings should be installed at 
points that would allow easy dismantling of the system. Split 
ring or other easily removable types of hangers will facilitate 
the dismantling. 

Because it is not practical to allow water to flow into sprin- 
kler piping in spaces that might be constantly subject to freez- 
ing, or where temperatures must be maintained at or below 
40°F (4.4°C), it is important that means be provided at the 
time of system installation to conduct trip tests on dry pipe 
valves that service such systems. NFPA 25, Standard for the Inspec- 
tion, Testing, and Maintenance of Water-Based Fire Protection Sys- 
tems, contains requirements in this matter. 


A.7.9.2 The requirements in 7.9.2 are intended to minimize 
the chances of ice plug formation inside sprinkler system pip- 
ing protecting freezers. 


A.7.9.2.4 A higher degree of preventing the formation of ice 
blocks can be achieved by lowering the moisture of the air 
supply entering the refrigerated space to a pressure dew point 
no greater than 20°F (—6.6°C) below the lowest nominal tem- 
perature of the refrigerated space. The pressure dew point of 
the air supply can cause moisture to condense and freeze in 
sprinkler pipe even when the air supply is from the freezer. 
One method of reducing the moisture content of the air by 
use of air drying systems is illustrated in Figure A.7.9.2.4. 

When compressors and dryers are used for an air supply, 
consideration should be given to pressure requirements of the 
regenerative dryers, compressor size, air pressure regulator 
capacity, and air fill rate. Application of these factors could 
necessitate the use of increased air pressures and a larger air 
compressor. 

The compressed air supply should be properly prepared 
prior to entering a regenerative-type air dryer, such as mini- 
mum air pressure, maximum inlet air temperature, and 
proper filtration of compressed air. 
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Refrigerated space 


30 in. 
(762 mm) 


Heated area 


Two easily removed 
sections of pipe 


Normally open 


control valve 
Check valve with Y- in. 
(2.4 mm) hole =——> 
in clapper 


Check valve 


6 ft (1.9 m) minimu 


: Two easily removed 
Dry/preaction valve —> air supply lines 
Main —— 
control valve 


Water supply —- 


Air compressor —> 


and tank 
(P1) Air pressure (P2) Air pressure 

Air supply source Water supply source 
Notes: 


1. If pressure gauge P1 and P2 do not indicate equal pressures, it could 
mean the air line is blocked or the air supply is malfunctioning. 

2. Air dryer and coalescer filter not required when system piping capacity 
is less than 250 gal (946 L). 


FIGURE A.7.9.2.4 Refrigerator Area Sprinkler Systems Used to Minimize the Chances of De- 


veloping Ice Plugs. 


A.7.9.2.5 A major factor contributing to the introduction of 
moisture into the system piping is excessive air compressor 
operation caused by system leakage. Where excessive com- 
pressor operation is noted or ice accumulates in the air supply 
piping, the system should be checked for leakage and appro- 
priate corrective action should be taken. 


A.7.9.2.6 The purpose of the check valve is to prevent evapo- 
ration of prime water into the system piping. 


A.7.9.2.7 The dual lines feeding the system air entering the 
cold area are intended to facilitate continued service of the sys- 
tem when one line is removed for inspection. It should be noted 
that, when using a system as described in Figure A.7.9.2.4, differ- 
ences in the pressures at gauge P1 and gauge P2 indicate block- 
age in the air supply line or other malfunctions. 


A.7.9.2.8.1.1 While it is the intent to require the detection 
system to operate prior to sprinklers, it is possible that in some 
fire scenarios the sprinklers could operate prior to the detec- 
tion system. In general, the detection system, at its installed 
location and spacing, should be more sensitive to fire than the 
sprinklers. 


A.7.10.2 See Figure A.7.10.2. 


A.8.1 The installation requirements are specific for the nor- 
mal arrangement of structural members. There will be ar- 
rangements of structural members not specifically detailed by 


the requirements. By applying the basic principles, layouts for 
such construction can vary from specific illustrations, pro- 
vided the maximums specified for the spacing and location of 
sprinklers (see Section 8.4) are not exceeded. 

Where buildings or portions of buildings are of combus- 
tible construction or contain combustible material, standard 
fire barriers should be provided to separate the areas that are 
sprinkler protected from adjoining unsprinklered areas. All 
openings should be protected in accordance with applicable 
standards, and no sprinkler piping should be placed in an 
unsprinklered area unless the area is permitted to be unsprin- 
klered by this standard. 

Water supplies for partial systems should be designed with 
consideration to the fact that in a partial system more sprin- 
klers might be opened in a fire that originates in an unpro- 
tected area and spreads to the sprinklered area than would be 
the case in a completely protected building. Fire originating 
in a nonsprinklered area might overpower the partial sprin- 
kler system. 

Where sprinklers are installed in corridors only, sprin- 
klers should be spaced up to the maximum of 15 ft (4.5 m) 
along the corridor, with one sprinkler opposite the center 
of any door or pair of adjacent doors opening onto the 
corridor, and with an additional sprinkler installed inside 
each adjacent room above the door opening. Where the 
sprinkler in the adjacent room provides full protection for 
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A Exhaust fan 


L Deep fat fryer 


S Exhaust hood 


B Sprinkler or nozzle at top of vertical riser 

C Sprinkler or nozzle at midpoint of each offset 

D 5ftO in. (1.5 m) maximum 

E Horizontal duct nozzle or sprinkler 

F 10 ft 0 in. (3m) maximum 

G Nozzle or sprinkler in hood or duct collar 

H 1 in. (25 mm) minimum, 12 in. (305 mm) maximum 
! Nozzle or sprinkler in hood plenum 

J 1 in. (25 mm) maximum 

K In accordance with the listing 


M In accordance with the listing 

N Cooking equipment nozzle or sprinkler 
O Counter height cooking equipment 

P Upright broiler or salamander broiler 

Q Broiling compartment sprinkler or nozzle 
R Broiling compartment 


“Listed for deep fat fryer protection 


FIGURE A.7.10.2 Typical Installation Showing Automatic Sprinklers or Automatic Nozzles Be- 
ing Used for the Protection of Commercial Cooking Eguipment and Ventilation Systems. 


that space, an additional sprinkler is not reguired in the 
corridor adjacent to the door. 


A.8.1.1 This standard contemplates full sprinkler protec- 
tion for all areas including walk-in coolers, freezers, bank 
vaults, and similar areas. Other NFPA standards that man- 
date sprinkler installation might not require sprinklers in 
certain areas. Based upon experience and testing, sprin- 
klers have been found to be effective and necessary at 
heights in excess of 50 ft (15.2 m). For a building to meet 
the intended level of protection afforded by NFPA 13, sprin- 


ag 2010 Edition 


klers must not be omitted from such high ceiling spaces. 
The reguirements of this standard should be used insofar as 
they are applicable. The authority having jurisdiction 
should be consulted in each case. A building is considered 
sprinklered throughout when protected in accordance with 
the reguirements of this standard. 


A.8.1.2 The components need not be open or exposed. 
Doors, removable panels, or valve pits can satisfy this need. 
Such equipment should not be obstructed by such permanent 
features as walls, ducts, columns, or direct burial. 
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A.8.2.5 Buildings adjacent to a primary structure can be pro- 
tected by extending the fire sprinkler system from the primary 
structure. This eliminates the need to provide a separate fire 
sprinkler system for small auxiliary buildings. Items that 
should be considered before finalizing fire sprinkler design 
should include the following: 


(1) Actual physical distance between adjacent structures 

(2) Potential for the property to be split into separate parcels 
and sold separately 

(3) Square footage of both the primary and auxiliary struc- 
tures 

(4) Difficulties in providing a separate water supply to the 
auxiliary structure 

(5) Occupancy/hazard of the auxiliary structure 

(6) Ability of emergency response personnel to easily identify 
the structure from which waterflow is originating 


A.8.3.1.1 Whenever possible, sprinklers should be installed 
in piping after the piping is placed in its final position and 
secured by hangers in accordance with this standard. 


A.8.3.1.3 The purpose of this requirement is to minimize the 
obstruction of the discharge pattern. 


A.8.3.1.5.1 Protective caps and straps are intended to provide 
temporary protection for sprinklers during shipping and in- 
stallation. 


A.8.3.1.5.2 Protective caps and straps can be removed from 
upright sprinklers, from sprinklers that are fitted with sprin- 
kler guards, and from sprinklers that are not likely to be sub- 
ject to damage due to construction activities or other events. 
In general, protective caps and straps should not be removed 
until construction activities or other events have progressed to 
the point where the sprinklers will not be subjected to condi- 
tions that could cause them to be damaged. Consideration 
should be given to leaving the protective caps and straps in 
place where other construction work is expected to take place, 
adjacent to the sprinklers following their installation, until 
that activity is complete. Protective caps and straps on sidewall 
and pendent sprinklers, for example, should be left in place 
pending installation of the wall and ceiling systems and then 
removed as finish escutcheons are being installed. In retrofit 
applications, with minimal follow-on trade construction activ- 
ity, and with upright sprinklers, it would be reasonable to re- 
move the caps and straps immediately following the installa- 
tion on the sprinkler piping. 


A.8.3.2.1 For protection of baled cotton, fire tests and actual 
fire experience indicate an initial low heat release; thus, sprin- 
klers in the ordinary temperature range should offer some 
advantage by opening faster than those of intermediate- or 
high-temperature classifications under similar conditions. 


A.8.3.2.5 Adiffuser in ceiling sheathing labeled by the manufac- 
turer as “horizontal discharge” has directional vanes to move air 
further along the ceiling, and sprinklers located within the 2 ft 
6 in. (0.8 m) radius should have an intermediate-temperature 
rating. 


A.8.3.2.7 Where high temperature-rated sprinklers are in- 
stalled at the ceiling, high temperature-rated sprinklers 
also should extend beyond storage in accordance with 
Table A.8.3.2.7. 


A.8.3.3.1 When renovations occur in an existing building 
and no changes are made in the existing sprinkler system, this 


Table A.8.3.2.7 Distance Beyond Perimeter of Storage for 
High-Hazard Occupancies Protected with High 
Temperature—Rated Sprinklers 


Design Area Distance 
ft? m? ft m 
2000 186.0 30 9.1 
3000 278.7 40 12.0 
4000 371.6 45 13.7 
5000 464.5 50 15.2 
6000 557.4 55 16.7 


section is not intended to require the replacement of existing 
standard sprinklers with quick-response sprinklers. 


A.8.4 The selection of a sprinkler type will vary by occupancy. 
Where more than one type of sprinkler is used within a com- 
partment, sprinklers with similar response characteristics 
should be used (i.e., standard or quick-response). However, 
some hazards might benefit from designs that include the use 
of both standard and quick-response sprinklers. Examples in- 
clude rack storage protected by standard-response ceiling 
sprinklers and quick-response in-rack sprinklers. Another case 
might include opening protection using closely spaced quick- 
response sprinklers with standard-response sprinklers in the 
adjoining areas. Other designs can be compromised when 
sprinklers of differing sensitivity are mixed. An example is a 
system utilizing ESFR sprinklers adjacent to a system using 
high-temperature standard-response sprinklers as might be 
found in a warehouse. In this case, a fire occurring near the 
boundary might open ESFR sprinklers, which would not be 
contemplated in the standard-response system design. 


A.8.4.5.1 The response and water distribution pattern of 
listed residential sprinklers have been shown by extensive fire 
testing to provide better control than spray sprinklers in resi- 
dential occupancies. These sprinklers are intended to prevent 
flashover in the room of fire origin, thus improving the 
chance for occupants to escape or be evacuated. 

The protection area for residential sprinklers is defined in 
the listing of the sprinkler as a maximum square or rectangu- 
lar area. Listing information is presented in even 2 ft (0.65 m) 
increments from 12 ft to 20 ft (3.9 m to 6.5 m). When a sprin- 
kler is selected for an application, its area of coverage must be 
equal to or greater than both the length and width of the 
hazard area. For example, if the hazard to be protected is a 
room 13 ft 6 in. (4.4 m) wide and 17 ft 6 in. (5.6 m) long, a 
sprinkler that is listed to protect a rectangular area of 14 ft 
x 18 ft (4.5 m x 5.8 m) or a square area of 18 ft x 18 ft (5.8 m 
x 5.8 m) must be selected. The flow used in the calculations is 
then selected as the flow required by the listing for the se- 
lected coverage. 


A.8.4.6.3 Storage in single-story or multistory buildings can 
be permitted, provided the maximum ceiling/roof height as 
specified in Table 8.12.2.2.1 is satisfied for each storage area. 


A.8.4.7.2 The purpose of this requirement is to avoid scale 
accumulation. 


A.8.4.8.1 Tests of standard sprinklers by approved laborato- 
ries have traditionally encompassed a fire test using a 350 Ib 
(160 kg) wood crib and water distribution tests in which water 
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is collected in pans from several arrangements of sprinklers to 
evaluate distribution under non-fire conditions. 

Tests of special sprinklers are customized to evaluation re- 
sponsiveness, distribution, and other unique characteristics of 
the sprinkler to control or suppress a fire. Depending on the 
intended use, these tests might include variables such as the 
following: 


(1) The location of the fire relative to the sprinklers (i.e., be- 
low one sprinkler, between two or between four sprin- 
klers) 

(2) Fire conditions that encompass a variety of fire growth 
rates representative of anticipated conditions of use 

(3) Tests where multiple sprinklers are expected to operate 

(4) Adverse conditions of use (i.e., pipe shadows or other ob- 
structions to discharge) 

(5) Effect of a fire plume on water sprinkler discharge 


The listing of new sprinkler technology for storage protec- 
tion should include large-scale fire testing using a commodity 
or commodities representative of those intended to be pro- 
tected and should consider at least the following variables: 


(1) Ignition under one, between two, and between four sprin- 
klers 

(2) Range of clearances between the sprinkler and the com- 
modity 

(3) Test(s) at or near the minimum pressures specified for 
the sprinkler 


A.8.4.9.1 Dry sprinklers must be of sufficient length to avoid 
freezing of the water-filled pipes due to conduction. 


A.8.4.9.2 The clearance space around the sprinkler barrel 
should be sealed to avoid leakage of air into the freezing area 
that could result in the formation of condensate around the 
sprinkler frame that could inhibit or cause premature opera- 
tion. See Figure A.8.4.9.2(a) and Figure A.8.4.9.2(b). 


A.8.5.4.1 Batt insulation creates an effective thermal barrier 
and can be considered the ceiling/roof deck when determining 
distances between deflector and ceiling. The insulation needs to 
be installed in each pocket (not just above the sprinkler) and 
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method) 
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Insulated freezer 
structure 


/ 


FIGURE A.8.4.9.2(a) Dry Sprinkler Seal Arrangement — Seal 
on Exterior of Freezer Structure. 
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FIGURE A.8.4.9.2(b) Dry Sprinkler Seal Arrangement — 
Seal Within Freezer Structure. 


attached to the ceiling/roof in such a manner that it will not fall 
out during a fire prior to sprinkler activation. 


A.8.5.4.1.4 The rules describing the maximum distance permit- 
ted for sprinklers below ceilings must be followed. The concept 
of placing a small “heat collector” above a sprinkler to assist in 
activation is not appropriate nor is it contemplated in this stan- 
dard. There is evidence that objects above a sprinkler will delay 
the activation of the sprinkler where fires are not directly below 
the sprinkler (but are still in the coverage area of the sprinkler). 
One of the objectives of the standard is to cool the ceiling near 
the structural members with spray from a nearby sprinkler, which 
is not accomplished by a sprinkler far down from the ceiling and 
a heat collector will not help this situation. 


A.8.5.5.1 See Figure A.8.5.5.1. 


8 ft 0 in. (2.5 m) | 


Distribution pattern from a 
standard spray sprinkler 


FIGURE A.8.5.5.1 Obstructions to Sprinkler Discharge Pat- 
tern Development for Standard Upright or Pendent Spray 
Sprinklers. 
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A.8.5.5.2 Where of a depth that will obstruct the spray dis- 
charge pattern, girders, beams, or trusses forming narrow 
pockets of combustible construction along walls can require 
additional sprinklers. In light and ordinary hazard occupan- 
cies, small areas created by architectural features such as 
planter box windows, bay windows, wing walls, and similar fea- 
tures can be evaluated as follows: 


(1) Where no additional floor area is created by the archi- 
tectural feature, no additional sprinkler protection is 
required. 

(2) Where additional floor area is created by an architectural 
feature, no additional sprinkler protection is required, 
provided all of the following conditions are met: 


(a) The floor area does not exceed 18 ft? (1.7 m°). 

(b) The floor area is not greater than 2 ft (0.65 m) in 
depth at the deepest point of the architectural fea- 
ture to the plane of the primary wall where measured 
along the finished floor. 

(c) The floor area is not greater than 9 ft (2.9 m) in 
length where measured along the plane of the pri- 
mary wall. 


Measurement from the deepest point of the architectural 
feature to the sprinkler should not exceed the maximum 
listed spacing of the sprinkler. When no additional floor space 
is created, the hydraulic design is not required to consider the 
area created by the architectural feature. Where the obstruc- 
tion criteria established by this standard are followed, sprin- 
kler spray patterns will not necessarily get water to every 
square foot of space within a room. 


A.8.5.5.3 Frequently, additional sprinkler equipment can be 
avoided by reducing the width of decks or galleries and pro- 
viding proper clearances. Slatting of decks or walkways or the 
use of open grating as a substitute for automatic sprinklers 
thereunder is not acceptable. The use of cloth or paper dust 
tops for rooms forms obstruction to water distribution. If dust 
tops are used, the area below should be sprinklered. 


A.8.5.5.3.3 Sprinklers under open gratings should be pro- 
vided with shields. Shields over automatic sprinklers should 
not be less, in least dimension, than four times the distance 
between the shield and fusible element, except special sprin- 
klers incorporating a built-in shield need not comply with this 
recommendation if listed for the particular application. 


A.8.5.6 The fire protection system design should consider 
the maximum storage height. For new sprinkler installa- 
tions, maximum storage height is the usable height at which 
commodities can be stored above the floor while the mini- 
mum required unobstructed space below sprinklers is main- 
tained. Where evaluating existing situations, maximum 
storage height is the maximum existing storage height if 
space between the sprinklers and storage is equal to or 
greater than that required. 


Building heights where baled cotton is stored should allow 
for proper clearance between the pile height and sprinkler 
deflectors. Fire tests of high-piled storage have shown that 
sprinklers are generally more effective if located 1% ft to 4% ft 
(0.45 m to 1.4 m) above the storage height. 


A.8.5.6.1 The 18 in. (457 mm) clearance does not apply to 
vehicles in concrete parking structures. 


A.8.6.2.2.1 When the spacing between sprinklers perpen- 
dicular to the slope exceeds 8 ft (2.44 m), it is necessary to 
increase the minimum density or sprinkler operating pressure 
as noted in Table 8.6.2.2.1(a) and in 8.6.4.1.4. Time to sprin- 
kler activation and water distribution can be affected within 
combustible concealed spaces with sloped roofs or ceilings in 
these combustible concealed spaces, especially where wood 
joist rafters or wood truss construction is used. To reduce the 
probability of fires in these combustible concealed spaces in- 
volving the combustible roof or ceiling construction above 
standard spray sprinklers, more stringent spacing and installa- 
tion guidelines apply. 


A.8.6.3.2.3 See Figure A.8.6.3.2.3. 


7.5 ft (2.3 m) 


Light hazard occupancy 
15 ft (4.6 m) x 15 ft (4.6 m) 
spacing 


7.5 ft (2.3 m) 


FIGURE A.8.6.3.2.3 Maximum Distance from Walls. 


A.8.6.3.2.4 An example of sprinklers in small rooms for 
hydraulically designed and pipe schedule systems is shown 
in Figure A.8.6.3.2.4(a), and examples for hydraulically de- 
signed systems only are shown in Figure A.8.6.3.2.4(b), Fig- 
ure A.8.6.3.2.4(c), and Figure A.8.6.3.2.4(d). 


B A-B 


|e 7ft6 in. |e 7 ft 6 in. 
(2.3 m) (2.3 m) 
maximum ' maximum 


| 12 ft 1 in. (3.7 m) 
for 200 ft2 (18 m2) 


< 13 ft 7% in. (4.2m) > 
for 225 ft? (21 m2) 


A >| 


FIGURE A.8.6.3.2.4(a) Small Room Provision — One Sprin- 
kler. 
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P 30 ft 0 in. (9.1 m) 


15 ft O in. 7 ft 6 in. 
(4.6 m) L (2.3 m) 


FIGURE A.8.6.3.2.4(b) Small Room Provision — Two Sprin- 
klers Centered Between Sidewalls. 


30 ft 0 in. (9.1 m) | 
< 


15 ft O in. 
(4.6 m) 


FIGURE A.8.6.3.2.4(c) Small Room Provision — Two Sprin- 
klers Centered Between Top and Bottom Walls. 


30 ft 0 in. (9.1 m) ` 


a È 
6 ft O in. 


FIGURE A.8.6.3.2.4(d) Small Room Provision — Four Sprin- 
klers. 


A.8.6.4.1.2(5) For concrete joists spaced less than 3 ft (0.91 m) 
on center, the rules for obstructed construction shown in 
8.6.4.1.2 apply. For concrete tee construction with stems spaced 
less than 7 ft 6 in. (2.3 m) but more than 3 ft (0.91 m) on center, 
the sprinkler deflector can be located at or above a horizontal 
plane 1 in. (25.4 mm) below the bottom of the stems of the tees. 
This includes sprinklers located between the stems. [See Fig- 
ure A.8.6.4.1.2(5).] 


A.8.6.4.1.3.2 Saw-toothed roofs have regularly spaced moni- 
tors of saw tooth shape, with the nearly vertical side glazed and 
usually arranged for venting. Sprinkler placement is limited to 
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FIGURE A.8.6.4.1.2(5) Typical Concrete Joist Construction. 


a maximum of 3 ft (0.91 m) down the slope from the peak 
because of the effect of venting on sprinkler sensitivity. 


A.8.6.4.1.3.3 Generally, where applying the requirements of 
this section, a surface having a slope greater than or equal to 
18 in 12 is needed. 


A.8.6.5.1.2 The intent of 8.6.5.1.2(3) is to apply to soffits that 
are located within the 18 in. (457 mm) plane from the sprin- 
kler deflector. A soffit or other obstruction (i.e., shelf) located 
against a wall that is located entirely below the 18 in. 
(457 mm) plane from the sprinkler deflector should be in 
accordance with 8.6.5.3.3. (See Figure A.8.6.5.1.2.) 


Ceiling 


Wall Greater than 18 in. 


Ss Soffit or obstruction 


No additional protection required 
when 4 ft 0 in. or less 


FIGURE A.8.6.5.1.2 Soffit/ Obstruction Against Wall Greater 
Than 18 in. Below Deflector. 


A.8.6.5.2.1.3 The rules of 8.6.5.2.1.3 (known as the “Three 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Three Times 
Rule is ineffective since the sprinkler cannot throw water over 
and under the obstruction. Sufficient water must be thrown 
under the obstruction to adequately cover the floor area on 
the other side of the obstruction. To ensure this, compliance 
with the rules of 8.6.5.1.2 is necessary. 


A.8.6.5.2.1.4 It is the intent of this section to exempt non- 
structural elements in light and ordinary hazard occupancies 
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from the obstruction criteria commonly called the “Three 
Times Rule.” However, the other obstruction rules, including 
the “Beam Rule” (8.6.5.1.2) and the “Wide Obstruction Rule” 
(8.6.5.3.3), still apply. If an obstruction is so close to a sprin- 
kler that water cannot spray on both sides, it is effectively a 
continuous obstruction as far as the sprinkler is concerned 
and the Beam Rule should be applied. 


It is not the intent of this section to permit the use of fix- 
tures and architectural features or treatments to conceal, ob- 
scure, or otherwise obstruct sprinkler discharge. The require- 
ment should be applied in accordance with the performance 
objectives in 8.6.5.1. 


A.8.6.5.2.1.10 The housing unit of the ceiling fan is expected 
to be addressed by the Three Times Rule. 


A.8.6.5.2.2.1 Testing has shown that privacy curtains sup- 
ported from the ceiling by mesh fabric do not obstruct the 
distribution pattern in a negative way as long as the mesh is 
70 percent or more open and extends from the ceiling a mini- 
mum of 22 in. (559 mm). 


A.8.6.5.3 See A.8.5.5.3. 


A.8.6.6 The 18 in. (457 mm) dimension is not intended to 
limit the height of shelving on a wall or shelving against a wall 
in accordance with 8.6.6, 8.7.6, 8.8.6, and Section 8.9. Where 
shelving is installed on a wall and is not directly below sprin- 
klers, the shelves, including storage thereon, can extend 
above the level of a plane located 18 in. (457 mm) below ceil- 
ing sprinkler deflectors. Shelving, and any storage thereon, 
directly below the sprinklers cannot extend above a plane lo- 
cated 18 in. (457 mm) below the ceiling sprinkler deflectors. 


A.8.6.7.1 Ceiling features in unobstructed construction that 
are protected by sprinklers in the lower ceiling elevation when 
the higher ceiling elevation is within 12 in. (305 mm) of the 
deflectors or greater for sprinklers with greater listed dis- 
tances from the higher ceiling should not be considered un- 
protected ceiling pockets. 


A.8.6.7.2(4) It is the intent of this section to allow compart- 
ments with multiple pockets, where the cumulative volume of 
the pockets exceeds 1000 ft? (28.3 m?) and separated from 
each other by 10 ft (3.05 m) or more and still be permitted to 
be unprotected because with these values, a sprinkler would 
be required between such pockets. For smaller pockets where 
the cumulative volume does not exceed 1000 ft? (28.3 m), 
there is no reason to separate the pockets by any specific dis- 
tance because they are not worse than a single pocket that 
is 1000 ft? (28.3 më). 


A.8.7.4.1.3.2 See Figure A.8.7.4.1.3.2. 
A.8.7.4.1.3.3 See Figure A.8.7.4.1.3.3. 


A.8.7.5.2.1.3 The rules of 8.7.5.2.1.3 (known as the “Three 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Three Times 
Rule is ineffective since the sprinkler cannot throw water over 
and under the obstruction. Sufficient water must be thrown 
under the obstruction to adequately cover the floor area on 


Ceiling Top of sprinkler 


deflector 


4 in. maximum 


Soffit 


Allowable 
deflector-to- 
ceiling distance 


Wall 


8 in. maximum 


FIGURE A.8.7.4.1.3.2 Location Sidewalls with Respect to 
Soffits — Sidewall in Soffit. 


Ceiling Top of sprinkler 
deflector 
Soffit 
| 
Minimum Maximum 
Wall deflector-to- deflector-to- 


ceiling distance ceiling distance 


FIGURE A.8.7.4.1.3.3 Location Sidewalls with Respect to 
Soffits — Sidewall Under Soffit. 


the other side of the obstruction. To ensure this, compliance 
with the rules of 8.7.5.1.2 is necessary. 


A.8.7.5.2.1.6 The housing unit of the ceiling fan is expected 
to be addressed by the Three Times Rule. 


A.8.7.5.2.2.1 Testing has shown that privacy curtains sup- 
ported from the ceiling by mesh fabric do not obstruct the 
distribution pattern in a negative way as long as the mesh is 
70 percent or more open and extends from the ceiling a mini- 
mum of 22 in. (559 mm). 


A.8.7.5.3 See A.8.5.5.3. 


| A.8.7.6 See A.8.6.6. 


A.8.8.2.1 The protection area for extended coverage upright 
and pendent sprinklers is defined in the listing of the sprin- 
kler as a maximum square area. Listing information is pre- 
sented in even 2 ft (0.6 m) increments up to 20 ft (6.1 m). 
When a sprinkler is selected for an application, its area of 
coverage must be equal to or greater than both the length and 
width of the hazard area. For example, if the hazard to be 
protected is a room 13% ft (4.1 m) wide and 17% ft (5.3 m) 
long as indicated in Figure A.8.8.2.1, a sprinkler that is listed to 
protect an area of 18 ft x 18 ft (5.5 m x 5.5 m) must be selected. 
The flow used in the calculations is then selected as the flow 
required by the listing for the selected coverage. 


A.8.8.2.2.1 Testing has shown that privacy curtains supported 
from the ceiling by mesh fabric do not obstruct the distribu- 
tion pattern in a negative way as long as the mesh is 70 percent 
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18 ft (5.5 m) 


| 13 ft 6 in. (4.1 m) | 


18 ft (5.5 m) 
17 ft 6 in. (5.3 m) 


FIGURE A.8.8.2.1 Determination of Protection Area of Cover- 
age for Extended Coverage Upright and Pendent Sprinklers. 


or more open and extends from the ceiling a minimum of 
22 in. (559 mm). 


A.8.8.4.1.1.4(A) See Figure A.8.8.4.1.1.4(A). 
A.8.8.4.1.1.4(B) See Figure A.8.8.4.1.1.4(B). 


A.8.8.4.1.3 Saw-toothed roofs have regularly spaced monitors 
of saw tooth shape, with the nearly vertical side glazed and 
usually arranged for venting. Sprinkler placement is limited to 
a maximum of 3 ft (0.91 m) down the slope from the peak 
because of the effect of venting on sprinkler sensitivity. 


A.8.8.5.2.1.3 The rules of 8.8.5.2.1.3 (known as the “Four 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.8.5.1.2 is necessary. 


A.8.8.5.2.1.9 The housing unit of the ceiling fan is expected 
to be addressed by the Four Times Rule. 


A.8.8.5.3 See A.8.5.5.3. 
A.8.8.6 See A.8.6.6. 


A.8.8.7.1 Ceiling features in unobstructed construction that 
are protected by sprinklers in the lower ceiling elevation when 
the higher ceiling elevation is within 12 in. (305 mm) of the 
deflectors or greater for sprinklers with greater listed dis- 
tances from the higher ceiling should not be considered un- 
protected ceiling pockets. 


A.8.8.7.2(4) It is the intent of this section to allow compart- 
ments with multiple pockets, where the cumulative volume of 
the pockets exceeds 1000 ft? (28.3 m?) and separated from 
each other by 10 ft (3.05 m) or more and still be permitted to 
be unprotected because with these values, a sprinkler would 
be required between such pockets. For smaller pockets where 
the cumulative volume does not exceed 1000 ft? (28.3 më), 
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—> 


X < 36 in. (914 mm) 
S = Maximum allowable distance between sprinklers 


FIGURE A.8.8.4.1.1.4(A) Vertical Change in Ceiling Eleva- 
tion Less Than or Equal to 36 in. 


Maximum 
< Ya S >| 


~<— Vertical plane treated as wall 
for sprinkler spacing 


X > 36 in. (914 mm) 
S = Maximum allowable distance between sprinklers 


FIGURE A.8.8.4.1.1.4(B) Vertical Change in Ceiling Eleva- 
tion Greater Than 36 in. 


there is no reason to separate the pockets by any specific dis- 
tance because they are not worse than a single pocket that 
is 1000 ft? (28.3 m3). 


A.8.9 See A.8.6.6. 


A.8.9.2.1 The protection area for extended coverage sidewall 
spray sprinklers is defined in the listing of the sprinkler as a 
maximum sguare or rectangular area. Listing information is 
presented in even 2 ft (0.65 m) increments up to 28 ft (9 m) 
for extended coverage sidewall spray sprinklers. When a sprin- 
kler is selected for an application, its area of coverage must be 
equal to or greater than both the length and width of the 
hazard area. For example, if the hazard to be protected is a 
room 141% ft (4.4 m) wide and 20% ft (6.3 m) long as indicated 
in Figure A.8.9.2.1, a sprinkler that is listed to protect an area 
of 16 ft x 22 ft (4.9 m x 6.7 m) must be selected. The flow used 
in the calculations is then selected as the flow required by the 
listing for the selected coverage. 


A.8.9.4.1.3.1 See Figure A.8.9.4.1.3.1. 
A.8.9.4.1.3.2 See Figure A.8.9.4.1.3.2. 


A.8.9.4.1.4 The requirements in 8.9.4.1.4 were developed 
from years of experience with NFPA 13 obstruction require- 
ments and an additional test series conducted by the National 
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| 16 ft 
(4.9 m) 


14 ft6 in. 
(4.4 m) 


20 ft 8 in. (6.3 m) 
22 ft (6.7 m) 


FIGURE A.8.9.2.1 Determination of Protection Area of Cov- 
erage for Extended Coverage Sidewall Sprinklers. 


Top of sprinkler 


deflector 


Allowable 
deflector-to- 
ceiling distance 


Ceiling 


4 in. maximum 


8 in. maximum 


FIGURE A.8.9.4.1.3.1 Location of Extended Coverage Side- 
walls with Respect to Soffits — Sidewall in Soffit. 


Top of sprinkler 


Ceiling 
deflector 


Soffit 


| | 
Minimum Maximum 


deflector-to- deflector-to- 
ceiling distance ceiling distance 


Wall 


FIGURE A.8.9.4.1.3.2 Location of Extended Coverage Side- 
walls with Respect to Soffits — Sidewall Under Soffit. 


Fire Sprinkler Association with the help of Tyco International 
(Valentine and Isman, Kitchen Cabinets and Residential Sprinklers, 
National Fire Sprinkler Association, November 2005), which in- 
cluded fire modeling, distribution tests, and full-scale fire tests. 
The test series showed that pendent sprinklers definitely provide 
protection for kitchens, even for fires that start under the cabi- 
nets. The information in the series was less than definitive for 
sidewall sprinklers, but distribution data show that sprinklers in 
the positions in this standard provide adeguate water distribution 


in front of the cabinets and that sidewall sprinklers should be 
able to control a fire that starts under the cabinets. When protect- 
ing kitchens or similar rooms with cabinets, the pendent sprin- 
kler should be the first option. If pendent sprinklers cannot be 
installed, the next best option is a sidewall sprinkler on the oppo- 
site wall from the cabinets, spraying in the direction of the cabi- 
nets. The third best option is the sidewall sprinkler on the same 
wall as the cabinets, on a soffit flush with the face of the cabinet. 
The last option should be putting sprinklers on the wall back 
behind the face of the cabinet because this location is subject to 
being blocked by items placed on top of the cabinets. It is not the 
intent of the committee to require sprinklers under kitchen cabi- 
nets. 


A.8.9.5.2.1.3 The rules of 8.9.5.2.1.3 (known as the “Four 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.9.5.1.2 is necessary. 


A.8.9.5.2.1.7 The housing unit of the ceiling fan is expected 
to be addressed by the Four Times Rule. 


A.8.9.5.2.2.1 Testing has shown that privacy curtains sup- 
ported from the ceiling by mesh fabric do not obstruct the 
distribution pattern in a negative way as long as the mesh is 
70 percent or more open and extends from the ceiling a mini- 
mum of 22 in. (559 mm). 


A.8.9.5.3 See A.8.5.5.3. 


A.8.10.2 Residential sprinklers should be used in compliance 
with their listing limits. Where there are no listed residential 
sprinklers for a particular arrangement other design ap- 
proaches from NFPA 13 should be utilized, such as using 
quick-response sprinklers. 


A.8.10.6.2.1.3 The rules of 8.10.6.2.1.3 (known as the “Four 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.10.6.1.2 is necessary. 


A.8.10.6.2.1.9 The housing unit of the ceiling fan is expected to 
be addressed by the Three Times Rule or the Four Times Rule. 


A.8.10.6.3 See A.8.5.5.3. 


A.8.10.7.1.5 The requirements in 8.10.7.1.5 were developed 
from years of experience with NFPA 13 obstruction require- 
ments and an additional test series conducted by the National 
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Fire Sprinkler Association with the help of Tyco International 
(Valentine and Isman, Kitchen Cabinets and Residential Sprin- 
klers, National Fire Sprinkler Association, November 2005), 
which included fire modeling, distribution tests and full-scale 
fire tests. The test series showed that pendent sprinklers defi- 
nitely provide protection for kitchens, even for fires that start 
under the cabinets. The information in the series was less than 
definitive for sidewall sprinklers, but distribution data shows 
that sprinklers in the positions in this standard provide ad- 
equate water distribution in front of the cabinets and that side- 
wall sprinklers should be able to control a fire that starts under 
the cabinets. When protecting kitchens or similar rooms with 
cabinets, the pendent sprinkler should be the first option. If 
pendent sprinklers cannot be installed, the next best option is 
a sidewall sprinkler on the opposite wall from the cabinets, 
spraying in the direction of the cabinets. The third best option 
is the sidewall sprinkler on the same wall as the cabinets on a 
soffit flush with the face of the cabinet. The last option should 
be putting sprinklers on the wall back behind the face of the 
cabinet because this location is subject to being blocked by 
items placed on top of the cabinets. It is not the intent of the 
committee to require sprinklers under kitchen cabinets. 


A.8.10.7.2.1.3 The rules of 8.10.7.2.1.3 (known as the Four 
Times Rule) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.10.6.1.2 is necessary. 


A.8.10.7.2.1.7 The housing unit of the ceiling fan is expected 
to be addressed by the Four Times Rule. 


A.8.10.7.3 See A.8.5.5.3. 


A.8.11.2 Tests involving areas of coverage over 100 ft? (9.3 m°) 
for CMSA sprinklers are limited in number, and use of areas of 
coverage over 100 ft? (9.3 m”) should be carefully considered. 


A.8.11.3.1 It is important that sprinklers in the immediate 
vicinity of the fire center not skip, and this requirement im- 
poses certain restrictions on the spacing. 


A.8.11.4.1 If all other factors are held constant, the operating 
time of the first sprinkler will vary exponentially with the dis- 
tance between the ceiling and deflector. At distances greater 
than 7 in. (178 mm), for other than open wood joist construc- 
tion, the delayed operating time will permit the fire to gain 
headway, with the result that substantially more sprinklers op- 
erate. At distances less than 7 in. (178 mm), other effects oc- 
cur. Changes in distribution, penetration, and cooling nullify 
the advantage gained by faster operation. The net result again 
is increased fire damage accompanied by an increase in the 
number of sprinklers operated. The optimum clearance be- 
tween deflectors and ceiling is therefore 7 in. (178 mm). For 
open wood joist construction, the optimum clearance be- 
tween deflectors and the bottom of joists is 34% in. (89 mm). 


A.8.11.5 Toa great extent, CMSA sprinklers rely on direct attack 
to gain rapid control of both the burning fuel and ceiling tem- 
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peratures. Therefore, interference with the discharge pattern 
and obstructions to the distribution should be avoided. 


A.8.11.5.2.1.3 The rules of 8.11.5.2.1.3 (known as the “Three 
Times Rule”) have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Three Times 
Rule is ineffective since the sprinkler cannot throw water over 
and under the obstruction. Sufficient water must be thrown 
under the obstruction to adequately cover the floor area on 
the other side of the obstruction. To ensure this, compliance 
with the rules of 8.11.5.1.2 is necessary. 


A.8.11.5.3 See A.8.5.5.3. 
A.8.12.2.2.3 See Figure A.8.12.2.2.3. 
A.8.12.3.1(3) See Figure A.8.12.2.2.3. 


A.8.12.5.2 Isolated obstructions that block adjacent sprin- 
klers in a similar manner should be treated as a continuous 
obstruction. High volume low speed fans with large diameters 
(20 ft) represent potential obstructions for ESFR sprinklers 
and should be positioned in accordance with the provisions of 
8.12.5.2 with regard to both the fan motor unit and the blades. 


A.8.15.1.2 Paragraphs 8.15.1.2.3, 8.15.1.2.4, and 8.15.1.2.5 
do not require sprinkler protection because it is not physically 
practical to install sprinklers in the types of concealed spaces 
discussed in these three exceptions. To reduce the possibility 
of uncontrolled fire spread, consideration should be given in 
these unsprinklered concealed space situations to using 
8.15.1.2.7, 8.15.1.2.10, and 8.15.1.2.12. Omitting sprinklers 
from combustible concealed spaces will require further evalu- 
ation of the sprinkler system design area in accordance with 
11.2.3.1.4. 


A.8.15.1.2.1 Minor quantities of combustible materials such 
as but not limited to: cabling, nonmetallic plumbing piping, 
non-structural wood, etc. can be present in concealed spaces 
constructed of limited or noncombustible materials but 
should not typically be viewed as requiring sprinklers (see 
8.15.1.1). For example, it is not the intent of this section to 
require sprinklers, which would not otherwise be required, in 
the interstitial space of a typical office building solely due to 
the presence of the usual amount of cabling within the space. 
The threshold value at which sprinklers become necessary in 
the concealed space is not defined. 


A.8.15.1.2.5 Solid metal purlin construction with a wood 
deck is one example of similar solid member construction. 


A.8.15.1.2.6 See Figure A.8.15.1.2.6. 


A.8.15.1.2.11 The allowance to omit sprinklers for fire 
retardant—treated wood requires a pressure-treated applica- 
tion. It does not apply to coated applications. 


A.8.15.1.2.16 See Figure A.8.15.1.2.16 for one example. 
A.8.15.1.2.17 See Figure A.8.15.1.2.17. 


A.8.15.2.2 Where practicable, sprinklers should be staggered 
at the alternate floor levels, particularly where only one sprin- 
kler is installed at each floor level. 
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Example 1 of ESFR “Shift” Rule (bar joists or trusses 5 ft 6 in. o.c.) 
Measurement shown is from centerline for ease of illustration; actual 
measurement to obstruction is to near edge of structural member. 
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Example 2 of ESFR “Shift” Rule (bar joists or trusses 5 ft 10 in. o.c.) 
Measurement shown is from centerline for ease of illustration; actual 
measurement to obstruction is to near edge of structural member. 


FIGURE A.8.12.2.2.3 ESFR Sprinkler Spacing Within Trusses and Bar Joists. 


A.8.15.3.3 See Figure A.8.15.3.3(a) and Figure A.8.15.3.3(b). 
Sprinklers would be required in the case shown in Figure 
A.8.15.3.3(a) but not in the case shown in Figure A.8.15.3.3(b). 


A.8.15.4 Where sprinklers in the normal ceiling pattern are 
closer than 6 ft (1.8 m) from the water curtain, it might be 
preferable to locate the water curtain sprinklers in recessed 
baffle pockets. (See Figure A.8. 15.4.) 


A.8.15.4.1 It is the intent of this section to require closely 
spaced sprinklers and draft stops to openings where protec- 
tion or enclosure is required by building and life safety codes. 


A.8.15.5.1 The sprinklers in the pit are intended to protect 
against fires caused by debris, which can accumulate over 
time. Ideally, the sprinklers should be located near the side of 
the pit below the elevator doors, where most debris accumu- 


lates. However, care should be taken that the sprinkler loca- 
tion does not interfere with the elevator toe guard, which ex- 
tends below the face of the door opening. 

ASME A17.1, Safety Code for Elevators and Escalators, allows 
the sprinklers within 2 ft (0.65 m) of the bottom of the pit to 
be exempted from the special arrangements of inhibiting wa- 
terflow until elevator recall has occurred. 


A.8.15.5.3 ASME A17.1, Safety Code for Elevators and Escalators, 
requires the shutdown of power to the elevator upon or prior to 
the application of water in elevator machine rooms or hoistways. 
This shutdown can be accomplished by a detection system with 
sufficient sensitivity that operates prior to the activation of the 
sprinklers (see also NFPA 72, National Fire Alarm and Signaling Code). 
As an alternative, the system can be arranged using devices or 
sprinklers capable of effecting power shutdown immediately 
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Subfloor 


La A 


R 


Ng 


Gypsum board 
Resilient channel 


Batt insulation 


FIGURE A.8.15.1.2.6 Combustible Concealed Space Cross 
Section. 


Roof or subfloor 


Sprinklers within 
the trusses 


A 
Wood truss 


Insulation 


Truss bottom chord 


Concealed space below 
truss bottom chords 


Suspended ceiling 


FIGURE A.8.15.1.2.16 One Acceptable Arrangement of a Con- 
cealed Space in Truss Construction Not Requiring Sprinklers. 


upon sprinkler activation, such as a waterflow switch without a 
time delay. This alternative arrangement is intended to interrupt 
power before significant sprinkler discharge. 


A.8.15.5.4 Passenger elevator cars that have been con- 
structed in accordance with ASME A17.1, Safety Code for Eleva- 
tors and Escalators, Rule 204.2a (under A17.1a-1985 and later 
editions of the code) have limited combustibility. Materials 
exposed to the interior of the car and the hoistway, in their 
end-use composition, are limited to a flame spread index of 0 
to 75 and a smoke developed index of 0 to 450, when tested in 


a. 0 Edition 


Composite or solid 
2 in. maximum wood joist 


NY] NY 


Te Batt insulation 


Wrapped/overlapped Za 


meeting 
and stapled per manufacturer non or limited 
recommendation combustible 


Noncombustible 


FIGURE A.8.15.1.2.17 Acceptable Arrangement of a Con- 
cealed Space Not Requiring Sprinklers. 


Fire division 1 


Firewall 


Fire division 2 


FIGURE A.8.15.3.3(a) Noncombustible Stair Shaft Serving 
Two Fire Sections. 


Fire division 1 


Fire division 2 


FIGURE A.8.15.3.3(b) Noncombustible Stair Shaft Serving 
One Fire Section. 


accordance with ASTM E 84, Standard Test Method of Surface 
Burning Characteristics of Building Materials. 


A.8.15.7 Small loading docks, covered platforms, ducts, or 
similar small unheated areas can be protected by dry pendent 
sprinklers extending through the wall from wet sprinkler pip- 
ing in an adjacent heated area. Where protecting covered plat- 
forms, loading docks, and similar areas, a dry pendent sprin- 
kler should extend down at a 45 degree angle. The width of 
the area to be protected should not exceed 7% ft (2.3 m). 
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Sprinklers should be spaced not over 12 ft (3.7 m) apart. (See 
Figure A.8.15.7.) 


A.8.15.7.2 Vehicles that are temporarily parked are not con- 
sidered storage. Areas located at drive-in bank windows or 
porte-cocheres at hotels and motels normally do not require 
sprinklers where there is no occupancy above, where the area 
is entirely constructed of noncombustible or limited- 
combustible materials or fire retardant treated lumber, and 
where the area is not the only means of egress. However, areas 
under exterior ceilings where the building is sprinklered 
should be protected due to the occupancy above. 


FIGURE A.8.15.4 Sprinklers Around Escalators. 


—7 ft 6 in. (2.3 m) ———1 
maximum 


Canopy over 
loading platform Xx 


N 
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heated area 


Dry pendent 
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l 


FIGURE A.8.15.7 Dry Pendent Sprinklers for Protection of 
Covered Platforms, Loading Docks, and Similar Areas. 


A.8.15.7.5 Short-term transient storage, such as that for deliv- 
ered packages, and the presence of planters, newspaper ma- 
chines, and so forth, should not be considered storage or han- 
dling of combustibles. The presence of combustible furniture 
on balconies for occupant use should not require sprinkler 
protection. 


A.8.15.8.1.1 A door is not required in order to omit sprin- 
klers as long as the bathroom complies with the definition for 
compartment. 


A.8.15.8.2 Portable wardrobe units, such as those typically 
used in nursing homes and mounted to the wall, do not re- 
quire sprinklers to be installed in them. Although the units are 
attached to the finished structure, this standard views those 
units as pieces of furniture rather than as a part of the struc- 
ture; thus, sprinklers are not required. 


A.8.15.9 Library stacks are high-density book storage areas 
and should not be confused with the typical library book- 
shelves and aisles in the general browsing areas. 


A.8.15.11 The combustible materials present inside indus- 
trial ovens and furnaces can be protected by automatic sprin- 
klers. Wet sprinkler systems are preferred. However, water- 
filled piping exposed to heat within an oven or furnace can 
incur deposition and buildup of minerals within the pipe. If 
the oven or furnace could be exposed to freezing tempera- 
tures, dry pendent sprinklers are an alternative to wet pipe 
systems. Another option is to use a dry pipe system. 

The preferred arrangement for piping is outside of the oven; 
the sprinkler should be installed in the pendent position. The 
sprinkler temperature rating should be at least 50°F (28°C) 
greater than the high-temperature limit setting of the oven or 
applicable zone. As a minimum, the sprinkler system inside the 
oven or furnace should be designed to provide 15 psi (1 bar) with 
all sprinklers operating inside the oven/furnace. Sprinkler spac- 
ing on each branch line should not exceed 12 ft (3.7 m). 


A.8.15.13 The installation of open-grid egg crate, louver, or 
honeycomb ceilings beneath sprinklers restricts the sideways 
travel of the sprinkler discharge and can change the character 
of discharge. 


A.8.15.14.4 Drop-out ceilings do not provide the required 
protection for soft-soldered copper joints or other piping that 
requires protection. 


A.8.15.14.5 The ceiling tiles might drop before sprinkler op- 
eration. Delayed operation might occur because heat must 
then bank down from the deck above before sprinklers will 
operate. 


A.8.15.15.2 For tests of sprinkler performance in fur vaults, 
see “Fact Finding Report on Automatic Sprinkler Protection 
for Fur Storage Vaults” of Underwriters Laboratories Inc., 
dated November 25, 1947. 

Sprinklers should be listed old-style with orifice sizes se- 
lected to provide a flow rate as close as possible to, but not less 
than, 20 gpm (76 L/min) per sprinkler, for four sprinklers, 
based on the water pressure available. 

Sprinklers in fur storage vaults should be located centrally 
over the aisles between racks and should be spaced not over 
5 ft (1.5 m) apart along the aisles. 

Where sprinklers are spaced 5 ft (1.5 m) apart along the 
sprinkler branch lines, pipe sizes should be in accordance with 
the following schedule: 

l in. (25 mm) — 4 sprinklers 

1% in. (32 mm) — 6 sprinklers 

1% in. (40 mm) — 10 sprinklers 

2 in. (50 mm) — 20 sprinklers 

216 in. (65 mm) — 40 sprinklers 

3 in. (80 mm) — 80 sprinklers 


A.8.15.19.1 Outlets meeting the requirements of this stan- 
dard should be provided in anticipation of the final finished 
area. 
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A.8.15.19.2 Providing 1l in. (25 mm) minimum outlets with 
bushings can provide for future changes in building uses or 
occupancies. 


A.8.15.19.5.2 It is not the intent of this section to require a 
full hydraulic analysis of the existing piping system in addition 
to new sprinkler layout. 


A.8.15.21 See Figure A.8.15.21. 


L Flanged joint 
or mechanical 
grooved couplings 


FIGURE A.8.15.21 One Arrangement of Flanged Joint at 
Sprinkler Riser. 


A.8.15.22.3 See Figure A.8.15.22.3. 


Not 
protected 0.6/design area 


Tg 0 ù TT 0 DUD TU DU 


1.24 design area 


A fire in this space is only 
expected to open sprinklers a 
total distance of 1.2 times the 
sguare root of the design area. 


Sprinklers under limited- 
combustible or non- 
combustible drop ceiling 


FIGURE A.8.15.22.3 Extension of Sprinkler System Above 
Drop Ceiling. 


A.8.16.1.1 See Figure A.8.16.1.1. 


A.8.16.1.1.1 A water supply connection should not extend 
into a building or through a building wall unless such connec- 
tion is under the control of an outside listed indicating valve 
or an inside listed indicating valve located near the outside 
wall of the building. 

All valves controlling water supplies for sprinkler systems or 
portions thereof, including floor control valves, should be ac- 
cessible to authorized persons during emergencies. Perma- 
nent ladders, clamped treads on risers, chain-operated hand 
wheels, or other accepted means should be provided where 
necessary. 

Outside control valves are suggested in the following order 
of preference: 


a 2010 Edition 


Wet pipe system Dry pipe system 


Wet pipe and dry pipe system 


Preaction system 


Check valve © 


+— OS&Y val 
A valve —& Fire department connection 


Deluge system 


Deluge valve 


Alarm valve 


<> Dry pipe valve 


FIGURE A.8.16.1.1 Examples of Acceptable Valve Arrange- 
ments. 


© Preaction valve 


(1) Listed indicating valves at each connection into the build- 
ing at least 40 ft (12.2 m) from buildings if space permits 

(2) Control valves installed in a cutoff stair tower or valve 
room accessible from outside 

(3) Valves located in risers with indicating posts arranged for 
outside operation. 

(4) Key-operated valves in each connection into the building 


A.8.16.1.1.2 The management is responsible for the supervi- 
sion of valves controlling water supply for fire protection and 
should exert every effort to see that the valves are maintained 
in the normally open position. This effort includes special pre- 
cautions to ensure that protection is promptly restored by 
completely opening valves that are necessarily closed during 
repairs or alterations. The precautions apply equally to valves 
controlling sprinklers and other fixed water-based fire sup- 
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pression systems, hydrants, tanks, standpipes, pumps, street 
connections, and sectional valves. 

Either one or a combination of the methods of valve super- 
vision described in the following list is considered essential to 
ensure that the valves controlling fire protection systems are in 
the normally open position. The methods described are in- 
tended as an aid to the person responsible for developing a 
systematic method of determining that the valves controlling 
sprinkler systems and other fire protection devices are open. 

Continual vigilance is necessary if valves are to be kept in 
the open position. Responsible day and night employees 
should be familiar with the location of all valves and their 
proper use. 

The authority having jurisdiction should be consulted as to 
the type of valve supervision required. Contracts for equip- 
ment should specify that all details are to be subject to the 
approval of the authority having jurisdiction. 


(1) Central Station Supervisory Service. Central station supervi- 
sory service systems involve complete, constant, and auto- 
matic supervision of valves by electrically operated devices 
and circuits continually under test and operating through 
an approved outside central station, in compliance with 
NFPA 72, National Fire Alarm and Signaling Code. It is under- 
stood that only such portions of NFPA 72 that relate to 
valve supervision should apply. 

(2) Proprietary Supervisory Service Systems. Proprietary supervi- 
sory service systems include systems where the operation 
of a valve produces some form of signal and record at a 
common point by electrically operated devices and cir- 
cuits continually under test and operating through a cen- 
tral supervising station at the property protected, all in 
compliance with the standards for the installation, main- 
tenance, and use of local protective, auxiliary protective, 
remote station protective, and proprietary signaling sys- 
tems. It is understood that only portions of the standards 
that relate to valve supervision should apply. 


The standard method of locking, sealing, and tagging 
valves to prevent, so far as possible, their unnecessary closing, 
to obtain notification of such closing, and to aid in restoring 
the valve to normal condition is a satisfactory alternative to 
valve supervision. The authority having jurisdiction should be 
consulted regarding details for specific cases. 

Where electrical supervision is not provided, locks or seals 
should be provided on all valves and should be of a type ac- 
ceptable to the authority having jurisdiction. 

Seals can be marked to indicate the organization under 
whose jurisdiction the sealing is conducted. All seals should be 
attached to the valve in such a manner that the valves cannot 
be operated without breaking the seals. Seals should be of a 
character to prevent injury in handling and to prevent reas- 
sembly when broken. When seals are used, valves should be 
inspected weekly. The authority having jurisdiction can re- 
quire a valve tag to be used in conjunction with the sealing. 

A padlock, with a chain where necessary, is especially desir- 
able to prevent unauthorized closing of valves in areas where 
valves are subject to tampering. When such locks are em- 
ployed, valves should be inspected monthly. 

If valves are locked, any distribution of keys should be re- 
stricted to only those directly responsible for the fire protec- 
tion system. Multiple valves should not be locked together; 
they should be individually locked. 

The individual performing the inspections should deter- 
mine that each valve is in the normal position, properly locked 


or sealed, and so note on an appropriate record form while 
still at the valve. The authority having jurisdiction should be 
consulted for assistance in preparing a suitable report form 
for this activity. 

Identification signs should be provided at each valve to in- 
dicate its function and what it controls. 

The position of the spindle of OS&Y valves or the target on 
the indicator valves cannot be accepted as conclusive proof 
that the valve is fully open. The opening of the valve should be 
followed by a test to determine that the operating parts have 
functioned properly. 

The test consists of opening the main drain valve and per- 
mitting free flow of water until the gauge reading becomes 
stationary. If the pressure drop is excessive for the water supply 
involved, the cause should be determined immediately and 
the proper remedies taken. When sectional valves or other 
special conditions are encountered, other methods of testing 
should be used. 

If it becomes necessary to break a seal for emergency rea- 
sons, the valve, following the emergency, should be opened by 
the person responsible for the fire protection of the plant, or 
his or her designated representative, and this person should 
apply a seal at the time of the valve opening. This seal should 
be maintained in place until such time as the authority having 
jurisdiction can replace it with one of its own. 

Seals or locks should not be applied to valves reopened 
after closure until such time as the inspection procedure is 
carried out. 

Where water is shut off to the sprinkler or other fixed 
water-based fire suppression systems, a guard or other quali- 
fied person should be placed on duty and required to continu- 
ously patrol the affected sections of the premises until such 
time as protection is restored. 

During specific critical situations, a person should be sta- 
tioned at the valve so that the valve can be reopened promptly 
if necessary. It is the intent of this section that the person re- 
main within sight of the valve and have no other duties beyond 
this responsibility. This procedure is considered imperative 
when fire protection is shut off immediately following a fire. 

An inspection of all other fire protection equipment 
should be made prior to shutting off water in order to make 
sure it is in operative condition. 

In case of changes to fire protection equipment, all pos- 
sible work should be done in advance of shutting off the water 
so that final connections can be made quickly and protection 
restored promptly. Many times it will be found that by careful 
planning open outlets can be plugged and protection re- 
stored on a portion of the equipment while the alterations are 
being made. 

Where changes are being made in underground piping, all 
possible piping should be laid before shutting off the water for 
final connections. Where possible, temporary feed lines, such 
as temporary piping for reconnection of risers by hose lines, 
and so forth, should be used to afford maximum protection. 
The plant, public fire department, and other authorities hav- 
ing jurisdiction should be notified of all impairments to fire 
protection equipment. 


A.8.16.1.1.3 Where check valves are buried, they should be 
made accessible for maintenance. This can be accomplished 
by a valve pit or any means that renders the valve accessible. 
See Figure A.8.16.1.1.4. 


A.8.16.1.1.3.5 Where a system having only one dry pipe valve 
is supplied with city water and a fire department connection, it 
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will be satisfactory to install the main check valve in the water 
supply connection immediately inside of the building. In in- 
stances where there is no outside control valve, the system 
indicating valve should be placed at the service flange, on the 
supply side of all fittings. 


A.8.16.1.1.4 See Figure A.8.16.1.1.4. For additional informa- 
tion on controlling valves, see NFPA 22, Standard for Water 
Tanks for Private Fire Protection. 


Fire department 
connection 


City main a 


City control valve 
(nonindicating valve) 


FIGURE A.8.16.1.1.4 Pit for Gate Valve, Check Valve, and 
Fire Department Connection. 


A.8.16.1.1.5 For additional information on controlling valves, 
see NFPA 22, Standard for Water Tanks for Private Fire Protection. 


A.8.16.1.1.6 Check valves on tank or pump connections, 
when located underground, can be placed inside of buildings 
and at a safe distance from the tank riser or pump, except in 
cases where the building is entirely of one fire area, when it is 
ordinarily considered satisfactory to locate the check valve 
overhead in the lowest level. 


A.8.16.1.1.7 It might be necessary to provide valves located in 
pits with an indicator post extending above grade or other means 
so that the valve can be operated without entering the pit. 


A.8.16.1.2.3 Where the relief valve operation would result in 
water being discharged onto interior walking or working sur- 
faces, consideration should be given to piping the discharge 
from the valve to a drain connection or other safe location. 


A.8.16.1.3 Outside control valves are suggested in the follow- 
ing order of preference: 


(1) Listed indicating valves at each connection into the build- 
ing at least 40 ft (12.2 m) from buildings if space permits 

(2) Control valves installed in a cutoff stair tower or valve 
room accessible from outside 

(3) Valves located in risers with indicating posts arranged for 
outside operation 

(4) Key-operated valves in each connection into the building 


Post-indicator valves should be located not less than 40 ft 
(12.2 m) from buildings. When post-indicator valves cannot 
be placed at this distance, they are permitted to be located 
closer, or wall post-indicator valves can be used, provided they 
are set in locations by blank walls where the possibility of in- 
jury by falling walls is unlikely and from which people are not 
likely to be driven by smoke or heat. Usually, in crowded plant 
yards, they can be placed beside low buildings, near brick stair 
towers, or at angles formed by substantial brick walls that are 
not likely to fall. 


A.8.16.1.4.2 A valve wrench with a long handle should be 
provided at a convenient location on the premises. 
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A.8.16.1.6 In-rack sprinklers and ceiling sprinklers selected 
for protection should be controlled by at least two separate 
indicating valves and drains. In higher rack arrangements, 
consideration should be given to providing more than one 
in-rack control valve in order to limit the extent of any single 
impairment. 


A.8.16.2.1 All piping should be arranged where practicable 
to drain to the main drain valve. 


A.8.16.2.4 Figure A.8.16.2.4(a) is an example of an unaccept- 
able arrangement. Because it will not give a true residual read- 
ing, it will indicate an excessive pressure drop. 

Figure A.8.16.2.4(b) is an example of an acceptable drain 
connection for a system riser. 


Pressure gauge a 
Ya in. (6.4 mm) 
three-way test cock 


Sprinkler 


PE 
Ya in. (6.4 mm) plug riser 


Pipe outlet 


Drain pipe 


Cast iron tee 


FIGURE A.8.16.2.4(a) Unacceptable Pressure Gauge Loca- 


tion. 


Com 
Inspector’s 

Ya in. (6.4 mm) 
test plug 


Pressure gauge 


Sprinkler 
riser 


Not less than 4 ft (1.22 m) 
of exposed drain pipe in 
warm room beyond 

valve when pipe extends 
through wall to outside 


FIGURE A.8.16.2.4(b) Drain Connection for System Riser. 


A.8.16.2.4.1 Provisions should include vents at the top of 
drain risers in buildings more than six stories in height. An 
elbow near the top of the drain riser with a horizontal check 
valve facing in toward the system would be one acceptable 
arrangement. A check valve at the top of the drain riser would 
allow air into the drain riser and break any vacuum created by 
a standing column. 


A.8.16.2.5.2.1 An example of an accessible location would be 
a valve located approximately 7 ft (2 m) above the floor level 
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to which a hose could be connected to discharge the water in 
an acceptable manner. 


A.8.16.2.5.3.5 The requirements of 8.16.2.5.3.4 should not 
apply since there is no water condensate to collect. Moisture 
inside the pipe will freeze when located in areas that maintain 
a freezing temperature. 


A.8.16.2.6.1 Where possible, the main sprinkler riser drain 
should discharge outside the building at a point free from the 
possibility of causing water damage. Where it is not possible to 
discharge outside the building wall, the drain should be piped 
to a sump, which in turn should discharge by gravity or be 
pumped to a waste water drain or sewer. The main sprinkler 
riser drain connection should be of a size sufficient to carry off 
water from the fully open drain valve while it is discharging 
under normal water system pressures. Where this is not pos- 
sible, a supplementary drain of equal size should be provided 
for test purposes with free discharge, located at or above 
grade. 


A.8.16.4.2 Where approved, the pipe identification can be cov- 
ered with paint or other protective coatings before installation. 


A.8.16.4.2.1 Types of locations where corrosive conditions 
can exist include bleacheries, dye houses, metal plating pro- 
cesses, animal pens, and certain chemical plants. 

If corrosive conditions are not of great intensity and hu- 
midity is not abnormally high, good results can be obtained by 
a protective coating of red lead and varnish or by a good grade 
of commercial acid-resisting paint. The paint manufacturer’s 
instructions should be followed in the preparation of the sur- 
face and in the method of application. 

Where moisture conditions are severe but corrosive condi- 
tions are not of great intensity, copper tube or galvanized steel 
pipe, fittings, and hangers might be suitable. The exposed 
threads of steel pipe should be painted. 

In instances where the piping is not readily accessible and 
where the exposure to corrosive fumes is severe, either a pro- 
tective coating of high quality can be employed or some form 
of corrosion-resistant material used. 


A.8.16.4.2.2 A manual or automatic air venting valve can be a 
reasonable approach on wet pipe sprinkler systems to reduce 
corrosion activity. The purpose of the air venting valve is to 
exhaust as much trapped air as possible from a single location 
every time the system is filled. The objective of venting is to 
reduce the amount of oxygen trapped in the system that will 
fuel corrosion and microbial activity. It is neither the intent 
nor practical to exhaust all trapped air from a single location 
on a wet pipe sprinkler system; however, more than one vent 
can be used on a system at the designer’s discretion. Intercon- 
nection of branch line piping for venting purposes is not nec- 
essary. An inspector’s test valve can serve this purpose. 

The air venting valve should be located where it will be 
most effective. System piping layout will guide the designer in 
choosing an effective location for venting. In order to effec- 
tively accomplish venting, it is necessary to choose a location 
where the greatest volume of trapped air is vented during the 
first fill and each subsequent drain and fill event. The vent 
connection to the system should be located off the top of hori- 
zontal piping at a high point in the system; however, the vent 
connection can also be effectively located off the side of a riser 
or rise nipple at a high point in the system. 

Manual air venting valves should be readily accessible. The 
manual air venting valve should be located at an accessible 
point and preferably not over 7 ft (2 m) above the floor. Auto- 


matic air valves are not required to comply with the accessibil- 
ity requirement of manual air venting valves; however, it is 
recommended the designer locate automatic air vents over 
areas without ceilings, above a lay-in ceiling, or above an access 
panel. 

Each wet pipe sprinkler system should be vented every time 
the system is filled. 


A.8.17.1 Central station, auxiliary, remote station, or propri- 
etary protective signaling systems are a highly desirable 
supplement to local alarms, especially from a safety to life 
standpoint. (See 8.17.1.6.) 

Approved identification signs, as shown in Figure A.8.17.1, 
should be provided for outside alarm devices. The sign should 
be located near the device in a conspicuous position and 
should be worded as follows: 

SPRINKLER FIRE ALARM — WHEN BELL RINGS 

CALL FIRE DEPARTMENT OR POLICE. 


SPRINKLER 


FIRE ALARM 


WHEN BELL RINGS 
CALL 
FIRE DEP'T or POLICE 


FIGURE A.8.17.1 Identification Sign. 


A.8.17.1.5 Water motor-operated devices should be located 
as near as practicable to the alarm valve, dry pipe valve, or 
other waterflow detecting device. The total length of the pipe 
to these devices should not exceed 75 ft (22.9 m), nor should 
the water motor-operated device be located over 20 ft (6.1 m) 
above the alarm device or dry pipe valve. 


A.8.17.1.6 Monitoring should include but not be limited to 
control valves, building temperatures, fire pump power sup- 
plies and running conditions, and water tank levels and tem- 
peratures. Pressure supervision should also be provided on 
pressure tanks. 

Check valves can be required to prevent false waterflow 
signals on floors where sprinklers have not activated — for 
example, floor systems interconnected to two supply risers. 


A.8.17.2 The fire department connection should be located 
not less than 18 in. (457 mm) and not more than 4 ft (1.2 m) 
above the level of the adjacent grade or access level. 

Typical fire department connections are shown in Figure 
A.8.17.2(a) and Figure A.8.17.2(b). See NFPA 13E, Recom- 
mended Practice for Fire Department Operations in Properties Protected 
by Sprinkler and Standpipe Systems. 


A.8.17.2.1 Fire department connections should be located and 
arranged so that hose lines can be readily and conveniently at- 
tached without interference from nearby objects, including 
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FIGURE A.8.17.2(a) Fire Department Connection. 


buildings, fences, posts, or other fire department connections. 
Where a hydrant is not available, other water supply sources such 
as a natural body of water, a tank, or a reservoir should be uti- 
lized. The water authority should be consulted when a nonpo- 
table water supply is proposed as a suction source for the fire 
department. 


A.8.17.2.3 The purpose of a fire department connection is to 
supplement the pressure to an automatic fire sprinkler system. 
It is not the intent to size the fire department connection pip- 
ing based on system demand. For multiple system risers sup- 
plied by a manifold, the fire department connection need not 
be larger than that for an individual system. 


A.8.17.2.4 The check valve should be located to maximize 
accessibility and minimize freezing potential. It is recom- 
mended that the check valve be located to reduce the length 
of nonpressurized pipe in the fire department connection 
supply line. 


A.8.17.2.4.1 The fire department connection should be con- 
nected to the system riser. For single systems, it is an accept- 
able arrangement to attach the fire department connection to 
any point in the system, provided the pipe size meets the re- 
quirements of 8.17.2.3. 


A.8.17.2.4.4 Figure A.8.17.2.4.4(a) and Figure A.8.17.2.4.4(b) 
depict fire department connections to the underground pipe. 


A.8.17.2.4.6 Obstructions to fire department connections in- 
clude but are not limited to buildings, fences, posts, shrub- 
bery, other fire department connections, gas meters, and elec- 
trical equipment. 


A.8.17.4.1 See Figure A.8.17.4.1. 
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A.8.17.4.2 The purpose of this alarm test connection is to 
make sure the alarm device is sensitive enough to determine 
the flow from a single sprinkler and sound an alarm. The pur- 
pose of this test connection is not to ensure that water will flow 
through the entire system. 


When this test connection is installed on the upper story, 
and at the end of the most remote branch line, the user is able 
to tell that there is water flowing in one path through the 
system, but there is no assurance that water will flow to other 
branch lines. Putting the test connection at the most remote 
portion of the system causes the introduction of fresh oxygen 
into a large part of the system each time the alarm is tested and 
increases the corrosion that will occur in the piping. 


The discharge should be at a point where it can be readily 
observed. In locations where it is not practical to terminate the 
test connection outside the building, the test connection is 
permitted to terminate into a drain capable of accepting full 
flow under system pressure. In this event, the test connection 
should be made using an approved sight test connection con- 
taining a smooth bore corrosion-resistant orifice giving a flow 
equivalent to one sprinkler simulating the least flow from an 
individual sprinkler in the system. [See Figure A.8.17.4.2(a) and 
Figure A.8.17.4.2(b).] The test valve should be located at an 
accessible point and preferably not over 7 ft (2.1 m) above the 
floor. The control valve on the test connection should be lo- 
cated at a point not exposed to freezing. 


A.8.17.4.3 See Figure A.8.17.4.3 and Figure A.7.2.3.7. 


A.8.17.4.6 Where backflow prevention devices are installed, 
they should be in an accessible location to provide for service 
and maintenance. 


A.8.17.4.6.1 The full flow test of the backflow prevention 
valve can be performed with a test header or other connection 
downstream of the valve. A bypass around the check valve in 
the fire department connector line with a control valve in the 
normally closed position can be an acceptable arrangement. 
When flow to a visible drain cannot be accomplished, closed 
loop flow can be acceptable if a flowmeter or site glass is incor- 
porated into the system to ensure flow. When a backflow pre- 
vention device is retroactively installed on a pipe schedule sys- 
tem, the revised hydraulic calculation still follows the pipe 
schedule method of 11.2.2 with the inclusion of friction loss 
for the device. 


A.8.17.5.1.1 One and one-half inch (40 mm) fire hose packs 
are not required unless designated by the AHJ, as it is not likely 
that such hoses will be adequately maintained for safe use by 
first responders. Civilian workers who are not properly trained 
in fire-fighting techniques are expected to evacuate the build- 
ing in the event of a fire. 


A.8.17.5.1.4 This standard covers 1% in. (38 mm) hose con- 
nections for use in storage occupancies and other locations 
where standpipe systems are not required. Where Class II 
standpipe systems are required, see the appropriate provisions 
of NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems, with respect to hose stations and water supply for hose 
connections from sprinkler systems. 


A.8.17.5.2.2 See Figure A.8.17.5.2.2(a) 
A.8.17.5.2.2(b). 
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1, 
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top of pit should ; 
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1. Various backflow prevention regulations accept different devices at the connection between public water mains and private fire service mains. 
2. The device shown in the pit could be any or a combination of the following: 

(a) Gravity check valve (d) Reduced pressure zone (RPZ) device 

(b) Detector check valve (e) Vacuum breaker 

(c) Double check valve assembly 
3. Some backflow prevention regulations prohibit these devices from being installed in a pit. 


4. In all cases, the device(s) in the pit should be approved or listed as necessary. The requirements of the local or municipal water department 
should be reviewed prior to design or installation of the connection. 


5. Pressure drop should be considered prior to the installation of any backflow prevention devices. 


FIGURE A.8.17.2(b) Typical City Water Pit — Valve Arrangement. 
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Ball dri 
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FIGURE A.8.17.2.4.4(a) Fire Department Connection Con- 
nected to Underground (Sample 1). 
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FIGURE A.8.17.2.4.4(b) Fire Department Connection Con- 
nected to Underground (Sample 2). 


Rods for Ya in. (6.4 mm) soft 

strapping metal seat Listed 

to be not globe valve with indicatin 
less than arrangements for valve 9 
Ya in. draining pipe between 

(19 mm) gauge and valve 


—- S 


LI Cast iron flange and spigot 


connection 
to drain 


FIGURE A.8.17.4.1 Water Supply Connection with Test Con- 
nection. 


A.9.1.1 See Figure A.9.1.1. As an alternative to the conven- 
tional method of hanging pipe from the structure using at- 
tachments and rod, the piping can be simply laid on the struc- 
tural member, provided the structure can adequately support 
the added load in accordance with 9.2.1.3.1 and the maximum 
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Preferably from end ——- 
of remote branch line 


Smooth bore 
corrosion-resistant 
outlet giving flow 
eguivalent to one 
sprinkler 


To 45° ell 


Test valve in readily 
accessible location N 


Elevation 


Note: Not less than 4 ft (1.2 m) of exposed test pipe in warm room 
beyond valve where pipe extends through wall to outside. 


FIGURE A.8.17.4.2(a) System Test Connection on Wet Pipe 
System. 
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To drain 


FIGURE A.8.17.4.2(b) Floor Control Valve. 


distance between supports as reguired by Chapter 9 is not ex- 
ceeded. Listed pipe should still be installed and supported in 
accordance with its listing limitations. 

To prevent pipe movement, it should be secured with an 
approved device to the structure and located to ensure that 
the system piping remains in its original location and position. 


A.9.1.1.4.2 Generic items utilized with hanger rods and fas- 
teners are not required to be listed. These include such items 
as bolts, screws, washers, nuts and lock nuts. 


A.9.1.1.4.3 Generic items utilized with hanger rods and fas- 
teners are not required to be listed. These include such items 
as bolts, screws, washers, nuts and lock nuts. 


A.9.1.1.6 Table 9.1.1.6.1(a) assumes that the load from 15 ft 
(5m) of water-filled pipe, plus 250 Ib (114 kg), is located at the 
midpoint of the span of the trapeze member, with a maximum 
allowable bending stress of 15 ksi (111 kg). If the load is ap- 
plied at other than the midpoint, for the purpose of sizing the 
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Test valve in readily 
accessible location 


Union 
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Note: To minimize condensation of water in the drop to the 
test connection, provide a nipple-up off of the branch line. 


FIGURE A.8.17.4.3 System Test Connection on Dry Pipe Sys- 
tem. 


ae Pressure 
Indicating-type floor control gauge 
valve with supervisory switch Check Waterflow To 
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<— Combination sprinkler/ 
standpipe riser 


FIGURE A.8.17.5.2.2(a) Acceptable Piping Arrangement 
for Combined Sprinkler/Standpipe System. [14:Figure 
A.7.10.1.3.1(a)] 


trapeze member, an equivalent length of trapeze can be used, 
derived from the following formula: 


L= 4ab 
a+b 


where: 

L = equivalent length 

a = distance from one support to the load 

b = distance from the other support to the load 


Pressure 


Indicating-type floor control Check gauge 
valve with supervisory switch valve / Waterflow To 
© _¢ switch sprinkler 


system 
Sh Ar 


—> 


Drain 
riser Inspector’s 
test and drain 
2% in. Fire hose valve connection 
(65 mm) 
min. 


<— Combination sprinkler/ 
standpipe riser 


FIGURE A.8.17.5.2.2(b) Acceptable Piping Arrangement 
for Combined Sprinkler/Standpipe System. [14:Figure 
A.7.10.1.3.1(b)] 


Where multiple mains are to be supported or multiple tra- 
peze hangers are provided in parallel, the required or avail- 
able section modulus can be added. 


A.9.1.1.6.5 Hanger components are sized based upon an ul- 
timate strength limit of 5 times the weight of water-filled pipe 
plus 250 Ib (114 kg). The section moduli used to size the tra- 
peze member are based on a maximum bending stress, which 
provides an acceptable level of safety that is comparable to 
that of the other hanger components. 


A.9.1.1.7 The rules covering the hanging of sprinkler piping 
take into consideration the weight of water-filled pipe plus a 
safety factor. No allowance has been made for the hanging of 
nonsystem components from sprinkler piping. NFPA 13 pro- 
vides the option to support sprinkler piping from other sprin- 
kler piping where the requirements of 9.1.1.2 are met. 


A.9.1.2.3(1) Hanger rods are intended only to be loaded axially 
(along the rod). Lateral loads can result in bending, weakening, 
and even breaking of the rod. Additional hangers or restraints 
could be necessary to eliminate non-axial loads that could induce 
bending or deflection of the rods. See Figure A.9.1.2.3(1) for an 
example of additional hangers utilized to eliminate non-axial 
loads. 


A.9.1.3.9.3 The ability of concrete to hold the studs varies 
widely according to type of aggregate, quality of concrete, and 
proper installation. 


A.9.1.4.1 Powder-driven studs should not be used in steel of 
less than Vic in. (4.8 mm) total thickness. 


A.9.2 To enhance permanence, proper hanger installation is 
important. Installation procedures should meet industry stan- 
dards of practice and craftsmanship. For example, hanger as- 
semblies are straight, perpendicular to the pipe, uniformly 
located, and snug to the structure with fasteners fully engaged. 


A.9.2.1.1.1 Fasteners used to support sprinkler system piping 
should not be attached to ceilings of gypsum or other similar 
soft material. 
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FIGURE A.9.1.1 Common Types of Acceptable Hangers. 
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FIGURE A.9.1.2.3(1) Example of Additional Hangers Uti- 
lized to Eliminate Non-Axial Loads. 


A.9.2.1.3 The method used to attach the hanger to the struc- 
ture and the load placed on the hanger should take into ac- 
count any limits imposed by the structure. Design manual in- 
formation for pre-engineered structures or other specialty 
construction materials should be consulted, if appropriate. 

System mains hung to a single beam, truss, or purlin can 
affect the structural integrity of the building by introducing 
excessive loads not anticipated in the building design. Also, 
special conditions such as collateral and concentrated load 
limits, type or method of attachment to the structural compo- 
nents, or location of attachment to the structural components 
might need to be observed when hanging system piping in 
pre-engineered metal buildings or buildings using other spe- 
cialty structural components such as composite wood joists or 
combination wood and tubular metal joists. 

The building structure is only required to handle the weight 
of the water-filled pipe and components, while the hangers are 
required to handle 5 times the weight of the water-filled pipe. In 
addition, a safety factor load of 250 Ib (114 kg) is added in both 
cases. The difference in requirements has to do with the different 
ways that loads are calculated and safety factors are applied. 

When sprinkler system loads are given to structural engineers 
for calculation of the structural elements in the building, they 
apply their own safety factors in order to determine what struc- 
tural members and hanging locations will be acceptable. 

In contrast, when sprinkler system loads are calculated for 
the hangers themselves, there is no explicit safety factor, so 
NFPA 13 mandates a safety factor of 5 times the weight of the 
pipe. 

A.9.2.1.3.3 Examples of areas of use include cleanrooms, sus- 
pended ceilings, and exhaust ducts. 


A.9.2.1.3.3.3 The committee evaluation of flexible sprinkler 
hose fittings supported by suspended ceilings was based on a 
comparison of the weight of a 6 ft, 1 in. diameter Schedule 40 


water-filled unsupported armover weighing approximately 
13 Ib to the weight of a 6 ft, 1 in. diameter water-filled flexible 
hose fitting weighing approximately 9 lb. The information 
provided to the committee showed that the maximum load 
shed to the suspended ceiling by the flexible hose fitting was 
approximately 6 lb and that a suspended ceiling meeting 
ASTM C 635, Standard Specification for the Manufacture, Perfor- 
mance, and Testing of Metal Suspension Systems of Acoustical Tile 
and Lay-In Panel Ceilings, and installed in accordance with 
ASTM C 636, Standard Practice for Installation of Metal Ceiling 
Suspension Systems for Acoustical Tile and Lay-In Panels, can sub- 
stantially support that load. In addition, the supporting mate- 
rial showed that the flexible hose connection can be attached 
to the suspended ceilings because it allows the necessary de- 
flections under seismic conditions. 


A.9.2.1.3.3.4 An example of language for the label is as follows: 


CAUTION: DO NOT REMOVE THIS LABEL. 

Relocation of this device should only be performed by 
qualified and/or licensed individuals that are aware of the 
original system design criteria, hydraulic criteria, sprinkler 
head listing parameters, and knowledge of the state and local 
codes including NFPA 13 installation standards. Relocation of 
the device without this knowledge could adversely affect the 
performance of this fire protection and life safety system. 


A.9.2.1.4.1 The requirements of 9.2.1.4.1 are based on metal 
decks only but can be applied to other applications such as 
concrete or gypsum-filled metal decks. 


A.9.2.2 Where copper tube is to be installed in moist areas or 
other environments conducive to galvanic corrosion, copper 
hangers or ferrous hangers with an insulating material should 
be used. 


A.9.2.3.2 The hangers required by Chapter 9 are intended to 
accommodate general loading such as check valves, control 
valves, or dry or deluge valves. Where additional equipment 
such as backflow prevention assemblies and other devices with 
substantial loads are added, additional hangers should be con- 
sidered. 


A.9.2.3.2.2 See Figure A.9.2.3.2.2. 


Less than 6 ft (1.8 m) Baffles 


Not to exceed 12 ft (3.7 m) 


FIGURE A.9.2.3.2.2 Distance Between Hangers. 


A.9.2.3.2.3 The “starter length” is the first piece of pipe on a 
branch line between the main, riser nipple, or drop and the 
first sprinkler. Starter pieces that are less than 6 ft (1.83 m) in 
length do not need a hanger of their own because they are 
supported by the main. However, if the intermediate hanger 
on the main is omitted, the starter piece needs to have a 
hanger because the main is going to be supported from the 
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branch lines. The starter lengths can also apply to other pip- 
ing, such as drains and test connections. 


A.9.2.3.4 Sprinkler piping should be adequately secured to 
restrict the movement of piping upon sprinkler operation. 
The reaction forces caused by the flow of water through the 
sprinkler could result in displacement of the sprinkler, 
thereby adversely affecting sprinkler discharge. Listed CPVC 
pipe has specific requirements for piping support to include 
additional pipe bracing of sprinklers. (See Figure A. 9.2.3.4) 


A.9.2.3.4.4 See Figure A.9.2.3.4.4(a) and Figure A.9.2.3.4.4(b). 
A.9.2.3.5 See Figure A.9.2.3.5. 
A.9.2.3.5.2 See Figure A.9.2.3.5.2. 


A.9.2.3.6 The movement that is being restrained is to keep 
the sidewall sprinkler in its intended location during and post- 
operation. This should not be confused with the loads appli- 
cable to seismic restraints. 


A.9.2.5.3 This arrangement is acceptable to establish and se- 
cure the riser’s lateral position but not to support the riser’s 
vertical load. 


maximum 
36 in. (0.9 m) for 1 in. pipe 
y 48 in. (1.2 m) for 1% in. pipe 
60 in. (1.5 m) for 1% in. pipe 
or larger 


A.9.2.5.4.2 The restraint required by 9.2.5.4.2 is needed to 
prevent accumulated vertical movement when the riser is pres- 
surized. Restraint is generally provided by use of a riser clamp 
at the underside of a floor slab. 


A.9.2.6 Examples include headers and horizontal runs of 
pipe that need support from the floor. 


A.9.3.1 Sprinkler systems are protected against earthquake 
damage by means of the following: 


(1) Stresses that would develop in the piping due to differen- 
tial building movement are minimized through the use of 
flexible joints or clearances. 

(2) Bracing is used to keep the piping fairly rigid when sup- 
ported from a building component expected to move as a 
unit, such as a ceiling. 


Areas known to have a potential for earthquakes have been 
identified in building code and insurance maps. 


Displacement due to story drift is addressed in 9.3.2 
through 9.3.4. 


Greater than 36 in. (0.9 m) for 1 in. pipe 
Greater than 48 in. (1.2 m) for 1% in. pipe 


——- 


Greater than 60 in. (1.5 m) for 1% in. pipe or larger 


FIGURE A.9.2.3.4 Distance from Sprinkler to Hanger. 


For any pipe size: 
— 12 in. (305 mm) maximum for steel pipe 
6 in. (152 mm) maximum for copper pipe 


Then extend here 


For any pipe size: 


Greater than 12 in. (305 mm) for steel pipe 


6 in. (152 mm) for copper pipe 


Then extend here 


FIGURE A.9.2.3.4.4(a) Distance from Sprinkler to Hanger Where Maximum Pressure Exceeds 
100 psi (6.9 bar) and a Branch Line Above a Ceiling Supplies Pendent Sprinklers Below the 
Ceiling. 
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FIGURE A.9.2.3.4.4(b) Examples of Acceptable Hangers for End-of-Line (or Armover) Pen- 
dent Sprinklers. 


Without support: 

24 in. (610 mm) maximum for 
steel pipe 

12 in. (305 mm) maximum for 
copper tube 


>| 


Armover 
to sprinkler 
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or cross main 


FIGURE A.9.2.3.5 Maximum Length for Unsupported Ar- 
mover. 
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Without support: Flexible elbow 
12 in. (305 mm) maximum 
for steel pipe 
6 in. (152 mm) maximum 
for copper tube = 
| If dimension is 
less than 3 ft (0.9 m), 
flexible fitting is not 
needed. 
Armover to 
pendent sprinkler 
< Branch line Fler rrr ; 
or cross main y (A T-connection fitting with 


Note: The pendent sprinkler can be installed either 
directly in the fitting at the end of the armover or in a 
fitting at the bottom of a drop nipple. 


FIGURE A.9.2.3.5.2 Maximum Length of Unsupported Ar- 
mover Where the Maximum Pressure Exceeds 100 psi (6.9 
bar) and a Branch Line Above a Ceiling Supplies Pendent 
Sprinklers Below the Ceiling. 


A.9.3.2 Strains on sprinkler piping can be greatly lessened 
and, in many cases, damage prevented by increasing the flex- 
ibility between major parts of the sprinkler system. One part of 
the piping should never be held rigidly and another part al- 
lowed to move freely without provision for relieving the strain. 
Flexibility can be provided by using listed flexible couplings, 
by joining grooved end pipe at critical points, and by allowing 
clearances at walls and floors. 

Tank or pump risers should be treated the same as sprin- 
kler risers for their portion within a building. The discharge 
pipe of tanks on buildings should have a control valve above 
the roof line so any pipe break within the building can be 
controlled. 


i Roof 
24 in. 
(610 mm) 
maximum 
Ç N 4-way brace Away 
(Pipe must rotate bace 
NI within brace) 
i Elbow with 
in flexible joints 
Wall > pling Siding 


Flexible 
i coupling 


Detail A Detail B 


(Might be preferred for metal buildings) 


24 in. $ 
(610 mm) 


maximum 


— flexible joints can be substituted 
for elbow.) 


FIGURE A.9.3.2(b) Detail at Short Riser. 


Piping 2 in. (51 mm) or smaller in size is pliable enough so 
that flexible couplings are not usually necessary. “Rigid-type” 
couplings that permit less than 1 degree of angular movement 
at the grooved connections are not considered to be flexible 
couplings. /See Figure A. 9.3.2(a) and Figure A. 9.3.2(b).] 


A.9.3.2.3(1) Risers do not include riser nipples as defined in 
3.5.8. 


A.9.3.2.3(2)(a) See Figure A.9.3.2.3(2) (a). 


A.9.3.2.3(2)(b) The flexible coupling should be at the same 
elevation as the flexible coupling on the main riser. [See Fig- 
ure A.9.3.2.3(2)(b).] 


A.9.3.2.3(4) A building expansion joint is usually a bitumi- 
nous fiber strip used to separate blocks or units of concrete to 
prevent cracking due to expansion as a result of temperature 
changes. Where building expansion joints are used, the flex- 
ible coupling is required on one side of the joint by 9.3.2.3(4). 


<—Flexible coupling 


4-way brace 
Wall 


Flexible coupling 


Detail C 


Note to Detail A: The four-way brace should be attached above the upper flexible coupling required for the riser and 
preferably to the roof structure if suitable. The brace should not be attached directly to a plywood or metal deck. 


FIGURE A.9.3.2(a) Riser Details. 


si 2010 Edition 


Posted by Public.Resource.Org. Not affiliated with NFPA 


ANNEX A 


13-299 


For seismic separation joints, considerably more flexibil- 
ity is needed, particularly for piping above the first floor. 
Figure A.9.3.3(a) shows a method of providing additional 
flexibility through the use of swing joints. 


A.9.3.2.4 See Figure A.9.3.2.4. Drops that extend into free- 
standing storage racks should be designed to accommodate a 
horizontal relative displacement between the storage rack and 
the overhead supply piping. 

The horizontal relative displacement should be taken as 
the height of the top point of attachment to the storage rack 
above its base or the highest point of potential contact be- 
tween the rack structure and the piping above its base, which- 


A Ceiling/floor assembly 


<24 in. (610 mm) 


Flexible coupling / 


yg Flexible coupling 


>l 


— <24 in. (610 mm) 


LY 


A Flexible coupling 


<12 in. (305 mm) 


Ceiling/floor assembly F; 


FIGURE A.9.3.2.3(2)(a) Flexible Coupling on Horizontal 
Portion of Tie-In. 


ever is higher, multiplied by +0.05 unless a smaller value is 
justified by test data or analysis. The horizontal relative dis- 
placement should be accommodated by two or more flexible 
couplings, swing joints, or other approved means. 


A.9.3.3 Plan and elevation views of a seismic separation 
assembly configured with flexible elbows are shown in Fig- 
ure A.9.3.3(a) or Figure A.9.3.3(b). 

Aseismic separation assembly is considered to be an assem- 
bly of fittings, pipe, and couplings or an assembly of pipe and 
couplings that permits movement in all directions. The extent 
of permitted movement should be sufficient to accommodate 
calculated differential motions during earthguakes. In lieu of 


i Ceiling/floor assembly 


<24 in. (610 mm] 


Flexible coupling if 


Flexible coupling 


a Flexible coupling 


<12 in. (305 mm) 


Ceiling/floor assembly 


FIGURE A.9.3.2.3(2)(b) Flexible Coupling on Main Riser 
and Branch Line Riser. 


- <24 in. (610 mm) [Paragraph 9.3.2.4(1)] 


Flexible couplings 


In-rack sprinkler drops ——————————_> 


Flexible couplings 


\ 


<24 in. (610 mm) 
Paragraph 
9.3.2.4(2 


<24 in. (610 
Ra 9.3.2 


nak 


<— Drop me 


/ 


FIGURE A.9.3.2.4 Flexible Couplings for Drops. 
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calculations, permitted movement can be made at least twice 
the actual separations, at right angles to the separation as well 
as parallel to it. 


A.9.3.3.3 Each four-way brace should be attached to the 
building structure on opposite sides of the seismic separation 
joint. 

A.9.3.4 While clearances are necessary around the sprinkler 
piping to prevent breakage due to building movement, suit- 
able provision should also be made to prevent passage of wa- 
ter, smoke, or fire. 


sprinkler 
main 

ition in 2 ells 

(203 mm) and nipple E 


-— — — — 4 Vertical 


1 
movement 


Fire sprinkler 
main 


Normal 
position 


2 ell lengths 


LA Ell 


Elevation 


81⁄2 in. (216 mm) for 3 in. (76 mm) pipe 
72 in. (191 mm) for 2% in. (65 mm) pipe 


Drains, fire department connections, and other auxiliary 
piping connected to risers should not be cemented into walls 
or floors; similarly, pipes that pass horizontally through walls 
or foundations should not be cemented solidly or strains will 
accumulate at such points. 


Where risers or lengths of pipe extend through suspended 
ceilings, they should not be fastened to the ceiling framing 
members. 


A.9.3.5 Figure A.9.3.5(a) and Figure A.9.3.5(b) are examples 
of forms used to aid in the preparation of bracing calculations. 


eth it dr, 


4 in. (102 mm) pi Para 4 in. (102 mm) 
ah =P >e 
8 in. (203 mm) ~ <— Hale —> N 8 in. (203 mm) 
Longitudinal movement 
| 
T 
l 
— t—-p AA 
——$ ——4 
melanda en AA a “AA 
a ?, in. !  8in. 
(102 mm) (203 mm) 


Lateral movement 


Horizontal Views 


Flex coupling typ. for 10 


Grooved elbow typ. for 6 
Grooved nipple C — 10 in. long 
Grooved nipple D — 10 in. long 


Grooved nipple E 
«—— 2 elbow lengths 

8¥2 in. for 3 in. pipe 

7% in. for 2% in. pipe 


Actual View 


FIGURE A.9.3.3(a) Seismic Separation Assembly. Shown are an 8 in. (203 mm) 
Separation Crossed by Pipes up to 4 in. (102 mm) in Nominal Diameter. For other 
separation distances and pipe sizes, lengths and distances should be modified proportionally. 
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FIGURE A.9.3.3(b) Seismic Separation Assembly Incorporat- 
ing Flexible Piping. 


A.9.3.5.1.3 All horizontal loads given in this document are at 
allowable stress design levels. When performing a more ad- 
vanced analysis procedure, as described in 9.3.1.2, care should 
be taken to ensure that the correct load factors (strength de- 
sign or allowable stress design) are used. 


A.9.3.5.2.2 The investigation of tension-only bracing using ma- 
terials, connection methods, or both, other than those described 
in Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and Table 9.3.5.8.7(c), 
should involve consideration of the following: 


(1) Corrosion resistance. 

(2) Prestretching to eliminate permanent construction 
stretch and to obtain a verifiable modulus of elasticity. 

(3) Color coding or other verifiable marking of each differ- 
ent size cable for field verification. 

(4) The capacity of all components of the brace assemblies, 
including the field connections, to maintain the manufac- 
turer’s minimum certified break strength. 

(5) Manufacturer’s published design data sheets/manual show- 
ing product design guidelines, including connection details, 
load calculation procedures for sizing of braces, and the 
maximum recommended horizontal load-carrying capacity 
of the brace assemblies including the associated fasteners as 
described in Figure 9.3.5.9.1. The maximum allowable hori- 
zontal loads must not exceed the manufacturer’s minimum 
certified break strength of the brace assemblies, excluding 
fasteners, after taking a safety factor of 1.5 and then adjust- 
ing for the brace angle. 

(6) Brace product shipments accompanied by the manufac- 
turer’s certification of the minimum break strength and 
prestretching and installation instructions. 

(7) The manufacturer’s literature, including any special tools 
or precautions required to ensure proper installation. 

(8) A means to prevent vertical motion due to seismic forces 
when required. 


Table A.9.3.5.2.2 identifies some specially listed tension- 
only bracing systems. 


A.9.3.5.3.1 A brace assembly includes the brace member, the 
attachment components to pipe and building, and their fas- 
teners. There are primarily two considerations in determining 
the spacing of lateral earthquake braces in straight runs of 
pipe: (1) deflection and (2) stress. Both deflection and stress 
tend to increase with the spacing of the braces. The larger the 
mid-span deflection, the greater the chance of impact with 
adjacent structural/nonstructural components. The higher 
the stress in the pipe, the greater the chance of rupture in the 
pipe or coupling. Braces are spaced to limit the stresses in the 
pipe and fittings to the levels permitted in modern building 
codes, with an upper limit of 40 ft (12.2 m). The braces also 
serve to control deflection of the pipe under earthquake 
loads. In the longitudinal direction, there is no deflection con- 
sideration, but the pipe must transfer the load to the longitu- 
dinal braces without inducing large axial stresses in the pipe 
and the couplings. 


A.9.3.5.3.2 The sway brace spacings in Table 9.3.5.3.2(a) and 
Table 9.3.5.3.2(b) were developed to allow designers to con- 
tinue to use familiar concepts, such as zone of influence, to lay 
out and proportion braces while ensuring compatibility with 
modern seismic requirements. The spacing of braces was de- 
termined using the provisions of SEI/ASCE 7, Minimum Design 
Loads for Buildings and Other Structures, assuming steel pipe with 
threaded or grooved connections. The tabulated values are 
based on conservative simplifying assumptions. A detailed en- 
gineering analysis, taking into account the properties of the 
specific system, might provide greater spacing. However, in 
order to control deflections, in no case should the lateral sway 
brace spacing exceed 40 ft (12.2 m). 


A.9.3.5.5.1 The four-way brace provided at the riser can also 
provide longitudinal and lateral bracing for adjacent mains. 
This section is not intended to require four-way bracing on a 


sprig. 


A.9.3.5.6 Location of Sway Bracing. Two-way braces are either lon- 
gitudinal or lateral, depending on their orientation with the axis 
of the piping. [See Figure A.9.3.5.6(a), Figure A.9.3.5.6(b), Fig- 
ure A, 9.3.5.6(c), and Figure A. 9.3.5.6(d).] The simplest form of two- 
way brace is a piece of steel pipe or angle. Because the brace must 
act in both compression and tension, it is necessary to size the 
brace to prevent buckling. 


An important aspect of sway bracing is its location. In 
Building 1 of Figure A.9.3.5.6(a), the relatively heavy main will 
pull on the branch lines when shaking occurs. If the branch 
lines are held rigidly to the roof or floor above, the fittings can 
fracture due to the induced stresses. In selecting brace loca- 
tions, one must consider both the design load on the brace, as 
well as the ability of the pipe to span between brace locations. 


Bracing should be on the main as indicated at Location B. 
With shaking in the direction of the arrows, the light branch 
lines will be held at the fittings. Where necessary, a lateral 
brace or other restraint should be installed to prevent a 
branch line from striking against building components or 
equipment. 

A four-way brace is indicated at Location A. This keeps the 
riser and main lined up and also prevents the main from shifting. 


In Building 1, the branch lines are flexible in a direction 
parallel to the main, regardless of building movement. The 
heavy main cannot shift under the roof or floor, and it also 
steadies the branch lines. While the main is braced, the flex- 
ible couplings on the riser allow the sprinkler system to move 
with the floor or roof above, relative to the floor below. 
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Seismic Bracing Calculations 


Project: Contractor: 


Address: Address: 


Telephone: 


Fax: 


Brace Information Seismic Brace Attachments 


Structure attachment fitting or tension-only bracing system: 


Make:  — — Model: 


Length of brace: 


Diameter of brace: 


Listed load rating: Adjusted load rating per 9.3.5.10.3: ——— 
Type of brace: 


Sway brace (pipe attachment) fitting: 


Angle of brace: 
Make: —____________._. Model: 


Least radius of gyration:* 


Listed load rating: Adjusted load rating per 9.3.5.10.3: ——— 
l/r value:* 


Maximum horizontal load: Seismic Brace Assembly Detail 
(Provide detail on plans) 


Fastener Information 


Orientation of connecting surface: 


Fastener: 


Type: 


Diameter: 


Length (in wood): 


Maximum load: Brace identification no. 
(to be used on plans) 


Lateral brace Longitudinal brace 


Sprinkler System Load Calculation [F,,,= C,W, (default is 0.5)] 


Diameter Total Weight 
Ie AA —— | 
a IA a — | 
a T Ao — | 
lb/ft 
lb/ft 
a a T S 


W, x 1.15 


* Excludes tension-only bracing systems 


© 2010 National Fire Protection Association NFPA 13 


FIGURE A.9.3.5(a) Seismic Bracing Calculation Form. 
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Project: 


Seismic Bracing Calculations 


Acme Warehouse Contractor: 


Address: 


Smith Sprinkler Company 


521 First Street Address: 


125 Main Street 


Any City, Any State 


Any City, Any State 


Length of brace: 
Diameter of brace: 
Type of brace: 


Angle of brace: 


/rvalue:* 


Maximum horizont 


Fastener: 
Type: 
Diameter: 
Length (in wood): 


Maximum load: 


Least radius of gyration:* 


Schedule 40 


45° to 59° 


0.421 


100 


al load: 4455 |b 


Orientation of connecting surface: 


Through bolt 
A in. 
5% in. 


620 |b 


(655) 555-1234 
(655) 555-4321 


Telephone: 


Fax: 


Brace Information Seismic Brace Attachments 


Structure attachment fitting or tension-only bracing system: 


Make: Acme Model: — 123 


Listed load rating: 1000 Adjusted load rating per 9.3.5.10.3: 707 
Sway brace (pipe attachment) fitting: 
Make: Model: 


Acme 321 


Listed load rating: 100 Adjusted load rating per 9.3.5.10.3: 649 


Seismic Brace Assembly Detail 
(Provide detail on plans) 


A in. x 6 in. through bolt 
with nut and washer 


Acme 125 


6 in. x 12 in. beam in. Schedule 40 


——Y 


O) 


Acme 321 


Brace identification no. 
(to be used on plans) — SBA 


lin. 
A in. 
Vo in. 


Type Length (ft) 
Sch 40 15 ft + 25 ft + & ft + 22 ft 
Sch 40 25 ft + 53 ft + 18 ft 


Total (ft) 
3 


20 f 


11.78 


Weight per ft 
2.05 lb/ft 
2.93 lb/ft 


70 f 
76 f 
Sch 40 
20 f 
20 f 


Total Weight 
71.75 
111.54 
64.98 


Ib/ft 117.8 


* Excludes tension-only bracing systems 


© 2010 National Fire Protection Association 


FIGURE A.9.3.5(b) Sample Seismic Bracing Calculation. 


Total weight 


417.17 


480 | 


NFPA 13 


; Ib 
Ib 

Ib 

; Ib 

Ib 

b 


W, x 1.15 
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Table A.9.3.5.2.2 Specially Listed Tension-Only Seismic Longitudinal brace 
Bracing (two-way) 


Materials and Dimensions Standard 


4 4 | 4 


1 C Lateral brace 
D Short drop (Figure A.9.3.2(b)] 
E Couplings at wall penetration 
F Longitudinal brace 


Manual for Structural Application ASCE 19 
of Steel Cables o | 
Wire Rope Users Manual of the ASCE 19 Longitudinal A A AA Lateral brace (two-way) 
5 : serve as lateral brace for 
Wire Rope Technical Board cross main if connections — — 7 
Mechanical Strength Requirements ASTM A 603 are strong enough. 1 
Breaking Strength Failure Testing ASTM E 8 
Lateral 
brace 
(two-way) 
Longitudinal brace needed for 
Detail A, Figure A.9.3.2(a). 
Might be needed for other details 
i<_40ft_,|. 40 ft to take load off riser brace. 
i (12m) (12m) 
— Four-way brace 
o 
FIGURE A.9.3.5.6(b) Typical Location of Bracing on a Tree 
System. 
o 
o O 
B 
Lateral brace Longitudinal brace (two-way) 
o 4 UE L (two-way) 
PHI 
Building 1 D c} cf | i 
o—o—o—o0—o—o w 
B Building 2 B 
< 
8 ) A Four-way brace at riser ( No bracing 
B Lateral brace 


= 


FIGURE A.9.3.5.6(a) Earthquake Protection for Sprinkler | 2 


Piping. R Lateral brace (two-way) 


Four-way brace 


FIGURE A.9.3.5.6(c) Typical Location of Bracing on a Grid- 
Figure A.9.3.5.6(b), Figure A.9.3.5.6(c), and Figure ded System. 


A.9.3.5.6(d) show typical locations of sway bracing. 


For all threaded connections, sight holes or other means 40ft | 40ft 
should be provided to permit indication that sufficient thread (12 m) (12 m) a 
is engaged. Longitudinal brace 


(two-way) 


To properly size and space braces, it is necessary to employ 
the following steps: 


(1) Determine the seismic coefficient, Cp» using the proce- 
dures in 9.3.5.6.2. This is needed by the designer to verify 
that the piping can span between brace points. For the 
purposes of this example, assume that C, = 0.5. 

(2) Based on the distance of mains from the structural mem- 
bers that will support the braces, choose brace shapes and pae. 
sizes from Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and Mela brace 
Table 9.3.5.8.7(c) such that the maximum slenderness ra- (two-way) 
tios, l/r, do not exceed 300. The angle of the braces from 
the vertical should be at least 30 degrees and preferably FIGURE A.9.3.5.6(d) Typical Location of Bracing on a 


45 degrees or more. Looped System. 


in 2010 Edition 


Lateral brace 
(two-way) 


~<— Four-way brace 
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(3) Tentatively space lateral braces at 40 ft (12 m) maxi- 
mum distances along mains and tentatively space longi- 
tudinal braces at 80 ft (24 m) maximum distances along 
mains. Lateral braces should meet the piping at right 
angles, and longitudinal braces should be aligned with 
the piping. 

(4) Determine the total load tentatively applied to each brace in 
accordance with the examples shown in Figure A.9.3.5.6(e) 
and the following: 


(a) For the loads on lateral braces on cross mains, add C, 
times the weight of the branch to C, times the weight of 
the portion of the cross main within the zone of influ- 
ence of the brace. [See examples 1, 3, 6, and 7 in Fig- 
ure A. 9.3.5.6(e).] 

(b) For the loads on longitudinal braces on cross mains, 
consider only C, times the weight of the cross mains 
and feed mains within the zone of influence. Branch 
lines need not be included. [See examples 2, 4, 5, 7, and 
8 in Figure A. 9.3.5.6(e).] 

(c) For the four-way brace at the riser, add the longitudinal 
and lateral loads within the zone of influence of the 
brace [see examples 2, 3, and 5 in Figure A. 9.3.5.6(e)]. For 
the four-way bracing at the top of the riser, C, times the 
weight of the riser should be assigned to both the lateral 
and longitudinal loads as they are separately consid- 
ered. 


(d) When a single brace has a combined load from both 
lateral and longitudinal forces (such as a lateral brace 
at the end of a main that turns 90 degrees), only the 
lateral should be considered for comparison with the 
load tables in 9.3.5.3.2. 


Ya to each brace A 6 


FIGURE A.9.3.5.6(e) Examples of Load Distribution to Bracing. 


(5) If the total expected loads are less than the maximums 
permitted in Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), and 
Table 9.3.5.8.7(c) for the particular brace and orienta- 
tion, and the maximum loads in the zone of influence of 
each lateral sway brace are less than the maximum values 
in Table 9.3.5.3.2(a) or Table 9.3.5.3.2(b), go on to step 
(6). If not, add additional braces to reduce the zones of 
influence of overloaded braces. 

(6) Check that fasteners connecting the braces to structural 
supporting members are adequate to support the ex- 
pected loads on the braces in accordance with Figure 
9.3.5.9.1. If not, again add additional braces or additional 
means of support. Plates using multiple fasteners in seis- 
mic assemblies should follow the plate manufacturer 
guidelines regarding the applied loads. 


Use the information on weights of water-filled piping con- 
tained within Table A.9.3.5.6. The factor of 1.15 is intended to 
approximate the additional weight of all the valves, fittings, 
and other devices attached to the system. 


A.9.3.5.6.1 The factors used in the computation of the horizon- 
tal seismic load should be available from several sources, includ- 
ing the project architect or structural engineer or the authority 
having jurisdiction. In addition, the ground motion parameter 
S,, is available using maps or software developed by the U.S. Geo- 
logical Survey. The approach presented in NFPA 13 is compatible 
with the requirements of SEI/ASCE 7, Minimum Design Loads for 
Buildings and Other Structures, which provides the seismic require- 
ments for model building codes. Sprinkler systems are emer- 
gency systems and as such should be designed for an importance 
factor (J,) of 1.5. Seismic load equations allow the reduction of 
the seismic force by a component response modification factor 
(R,) that reflects the ductility of the system; systems where braced 


1 , 
3 4 brace 
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Table A.9.3.5.6 Piping Weights for Determining Horizontal 
Load 


Nominal 
Dimensions Weight of Water-Filled Pipe 

in. mm 1b/ ft kg/m 
Schedule 40 Pipe 

1 25 2.05 3.05 
1⁄4 32 2.93 4.36 
1% 40 3.61 5.37 
2 50 5.13 7.63 
2% 65 7.89 11.74 
3 80 10.82 16.10 
3Y% 90 13.48 20.06 
4 100 16.40 24.41 
5 125 23.47 34.93 
6 150 31.69 47.16 
8* 200 47.70 70.99 


Schedule 10 Pipe 


1 25 1.81 2.69 
14 32 2.52 3.75 
1% 40 3.04 4.52 
2 50 4.22 6.28 
2% 65 5.89 8.77 
3 80 7.94 11.82 
316 90 9.78 14.55 
4 100 11.78 17.53 
5 125 17.30 25.75 
6 150 23.03 34.27 
8 200 40.08 59.65 


“Schedule 30. 


piping is primarily joined by threaded fittings should be consid- 
ered less ductile than systems where braced piping is joined by 
welded or mechanical type fittings. In addition, a factor, Ay, is 
used to account for dynamic amplification of nonstructural sys- 
tems supported by structures. Currently, steel piping systems typi- 
cally used for fire sprinklers are assigned an R, factor of 4.5 and 
an a, factor of 2.5. 


A.9.3.5.6.2 As linear interpolation of Table 9.3.5.6.2 is per- 
mitted, the following equation can be used to achieve the in- 
terpolated values: 


Cyst Crin 
C, = Ch tow 2 “ = (S, S, tow ) 
s—high s-—low 
where: 
C, = seismic coefficient value being sought 
Cp tow = next lower seismic coefficient value from the 
table 
C, nigh = next higher seismic coefficient value from the 
table 
S, = spectral response as defined in 3.11.7 
S,4ow = next lower S, value from the table 


= next higher S, value from the table 


i 2010 Edition 


A.9.3.5.6.2.1 NFPA 13 has traditionally used the allowable stress 
design (ASD) method for calculations. The building codes typi- 
cally use an ultimate strength design. The 0.7 referred to in this 
section is a conversion value to accommodate the different calcu- 
lation methods. (See also Annex E.) 


A.9.3.5.6.3 S,isa measure of earthquake shaking intensity. 
S, shall be taken as the Maximum Considered Earthquake 
Ground Motion for 0.2 sec Spectral Response Acceleration 
(5 percent of critical damping), Site Class B. The data are 
available from the authority having jurisdiction or, in the 
United States, from maps developed by the U.S. Geological 
Survey. All that is required to get S, is the latitude and lon- 
gitude of the project site. 

The horizontal force factor was given as F, in earlier edi- 
tions of NFPA 13. It has been changed to F,„„, to clearly indi- 
cate that it is a working, not an ultimate, load. In model build- 
ing codes, F, is used to denote the strength design level load. 

It is not the intent of this section to default to the C, value 
of 0.5 before attempts to determine the value of S,and related 
coefficient value for C, are made, such as on-line information 
provided by the U.S. Geological Survey website. 


A.9.3.5.6.4 The zones of influence do not have to be symmetri- 
cally based on brace spacing. It is the intent of NFPA 13 that the 
chosen zone of influence be the worst-case load scenario. 


A.9.3.5.8 Sway brace members should be continuous. Where 
necessary, splices in sway bracing members should be designed 
and constructed to ensure that brace integrity is maintained. 


A.9.3.5.8.7 These certified allowable horizontal loads must 
include a minimum safety factor of 1.5 against the ultimate 
break strength of the brace components and then be further 
reduced according to the brace angles. 


A.9.3.5.8.8 Maximum allowable horizontal loads for steel 
sway braces shown in Table 9.3.5.8.7(a), Table 9.3.5.8.7(b), 
and Table 9.3.5.8.7(c) are applicable when the system is de- 
signed using allowable stress design methods. The maximum 
allowable loads have been derived for the controlling condi- 
tion (braces in compression) using American Institute of Steel 
Construction Manual of Steel Construction, Allowable Stress Design 
(9th Edition), Equations E2-1 and E2-2, and taking a % in- 
crease in design stresses as allowed for seismic loads per Sec- 
tion A.5.2 of that document. 

In determining allowable horizontal loads in the tables, a 
modulus of elasticity (E) of 29,000 ksi, a yield stress (EK) of 
36 ksi, and an effective length factor (K) of 1.0 were assumed, 
since these are common. If these values are different in a spe- 
cific situation, table values might need to be adjusted. Gross 
section properties are used for all shapes except for all-thread 
rods. For all-thread rods, area and radius of gyration are based 
on the minimum area of the threaded rod based on the radius 
at the root of the threads. 


A.9.3.5.9 Current fasteners for anchoring to concrete are re- 
ferred to as post-installed anchors. There are several types of 
post-installed anchors, including expansion anchors, chemi- 
cal or adhesive anchors, and undercut anchors. The criteria in 
Figure 9.3.5.9.1 are based on the use of wedge expansion an- 
chors and undercut anchors. Use of other anchors in concrete 
should be in accordance with the listing provisions of the an- 
chor. Anchorage designs are usable under ASD methods. Val- 
ues in Figure 9.3.5.9.1 are based on an 8 to 1 safety factor in 
tension and a 4 to | in shear for allowable loads. Wedge an- 
chors are torque-controlled expansion anchors that are set by 
applying a torque to the anchor’s nut, which causes the an- 
chor to rise while the wedge stays in place. This causes the 
wedge to be pulled onto a coned section of the anchor and 
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presses the wedge against the wall of the hole. Undercut an- 
chors might or might not be torque-controlled. Typically, the 
main hole is drilled, a special second drill bit is inserted into 
the hole, and flare is drilled at the base of the main hole. Some 
anchors are self-drilling and do not require a second drill bit. 
The anchor is then inserted into the hole and, when torque is 
applied the bottom of the anchor, flares out into the flared 
hole, and a mechanical lock is obtained. Consideration should 
be given with respect to the position near the edge of a slab 
and the pacing of anchors. Typically for full capacity in Fig- 
ure 9.3.5.9.1, the edge distance should be 1% times the em- 
bedment and 3 times the embedment for spacing between 
anchors. 


A.9.3.5.9.1 The values for the wedge anchor tables and the 
undercut anchor tables have been developed using the follow- 


ing formula: 
bas + ae <1.2 
Tyitov V tow 
where: 


T = applied service tension load 
Pr = prying factor 
„llow = allowable service tension load 
V = applied service shear load 
V, = allowable service shear load 


allow 


The necessary tension and shear loads come from the an- 
chor manufacturer’s published data. As the prying factor is 
also necessary to develop appropriate load values, the equa- 
tion for prying varies with the orientation of the fastener in 
relationship to the brace. The letters A through D in the fol- 
lowing equations are dimensions of the anchors as indicated 
in Figure A.9.3.5.9.1(a) through Figure A.9.3.5.9.1(c). For an- 
chor orientations A, B, and C, the prying factor is as follows: 


C+A -D 
n Tang | 


A 
where: 
Pr = prying factor 
Tan® = tangent of brace angle from vertical 
For anchor orientations D, E, and F, the prying factor is as 
follows: 
D 
(C+A)- ( Tung ) 
Pr Gt 
A 
where: 


Pr = prying factor 
Tan® = tangent of brace angle from vertical 


For anchor orientations G, H, and I, the prying factor is as 
follows: 


Pr=D/B 


A.9.3.5.9.3 Through-bolt as described in 9.3.5.9.3 is intended 
to describe a method of bolting and attachment. It is the in- 
tent of the committee that a “through-bolt” could consist of 
threaded rod with a flat washer and nut on each end. 


A.9.3.5.9.7.1 Concrete anchors included in current Evaluation 
Service Reports conforming to the requirements of acceptance 


Concrete 
anchor 


Structure attachment 
fitting hinge pin or 
pivot point 


FIGURE A.9.3.5.9.1(a) Dimensions of Concrete Anchor for 
Orientations A, B, and C. 


A Concrete 


Z| anchor 


fc 
Structure attachment 


fitting hinge pin or 
pivot point 


Y f 


“D 


FIGURE A.9.3.5.9.1(b) Dimensions of Concrete Anchor for 
Orientations D, E, and F. 


A Concrete 


Ah anchor 


Structure attachment 
fitting hinge pin or 
pivot point 


FIGURE A.9.3.5.9.1(c) Dimensions of Concrete Anchor for 
Orientations G, H, and I. 


criteria AC193 or AC308 as issued by ICC Evaluation Service, Inc. 
should be considered to meet ACI 355.2, Qualification of Post- 
Installed Mechanical Anchors in Concrete & Commentary. 


A.9.3.6.1 Wires used for piping restraints should be attached to 
the branch line with two tight turns around the pipe and fastened 
with four tight turns within 1% in. (38 mm), and should be at- 
tached to the structure in accordance with the details shown in 
Figure A.9.3.6.1(a) through Figure A.9.3.6.1(d) or other ap- 
proved method. 


A.9.3.6.1 (5) See Figure A.9.3.6.1(5)(a) and Figure 
A.9.3.6.1 (5) (b). When hangers are installed on both sides of 
the pipe, the //ris not restricted. 


A.9.3.6.4 Modern seismic codes require branch lines to be 


restrained, both to limit interaction of the pipe with other 
portions of the structure and to limit stresses in the pipes to 
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permissible limits. The maximum spacing between restraints 
is dependent on the seismic coefficient, Cp, as shown in 
Table 9.3.6.4(a). Table 9.3.6.4(a) has been limited to 2 in. 
(50 mm) lines and smaller, because branch lines 2% in. 
(65 mm) or larger are required to be seismically braced. 


A.9.3.6.6 Such restraint can be provided by using the re- 
straining wire discussed in 9.3.6.1. For the purposes of deter- 
mining the need for restraint, the length of the sprig is deter- 
mined by measuring the length of the exposed pipe and does 
not include the fittings and sprinkler. 


A.10.1 The term undergroundis intended to mean direct bur- 
ied piping. For example, piping installed in trenches and tun- 
nels but exposed should be treated as aboveground piping. 

Loop systems for yard piping are recommended for increased 
reliability and improved hydraulics. Loop systems should be sec- 
tionalized by placing valves at branches and at strategic locations 
to minimize the extent of impairments. [24: A.10.1] 


A.10.1.1 Copper tubing (Type K) with brazed joints conform- 
ing to Table 10.1.1 and Table 10.2.1 (a) is acceptable for un- 
derground service. Listing and labeling information, along 
with applicable publications for reference, is as follows: 


(1) Listing and Labeling. Testing laboratories list or label the 
following: 
(a) Cast-iron and ductile iron pipe (cement-lined and 
unlined, coated and uncoated) 
(b) Asbestos-cement pipe and couplings 
(c) Steel pipe 
(d) Copper pipe 
(e) Fiberglass filament-wound epoxy pipe and couplings 
(£) Polyethylene pipe 
(g) Polyvinyl chloride (PVC) pipe and couplings 
(h) Underwriters Laboratories Inc. lists, under re- 
examination service, reinforced concrete pipe (cylin- 
der pipe, nonprestressed and prestressed) 
(2) Pipe Standards. The various types of pipe are usually manu- 
factured to one of the following standards: 


(a) ASTM C 296, Standard Specification for Asbestos-Cement 


Pressure Pipe 
%e in. (8 mm) drill-in 
y expansion anchor minimum 
ey A 
OP aa Nie 
Yo, | (ee 
Be oer "Rip . 


Structural v 


concrete » 
P 
Steel strap 2 
1 in. (25 mm) wide x So 
2 in. (50 mm) long x w 


12 galvanized minimum 


p 


Four tight turns 


Splayed seismic restraint wire 


Detail A — Splayed seismic restraint wire attachment 


FIGURE A.9.3.6.1(a) Wire Attachment to Cast-in-Place Concrete. 
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Structural 
concrete 


(b) AWWA C151, Ductile Iron Pipe, Centrifugally Cast for Water 

(c) AWWA C300, Reinforced Concrete Pressure Pipe, Steel- 
Cylinder Type, for Water and Other Liquids 

(d) AWWA C301, Prestressed Concrete Pressure Pipe, Steel- 
Cylinder Type, for Water and Other Liquids 

(e) AWWA C302, Reinforced Concrete Pressure Pipe, Non- 
Cylinder Type, for Water and Other Liquids 

(f) AWWA C303, Reinforced Concrete Pressure Pipe, Steel- 
Cylinder Type, Pretensioned, for Water and Other Liquids 

(g) AWWA C400, Standard for Asbestos-Cement Distribution 
Pipe, 4 in. Through 16 in., for Water and Other Liquids 

(h) AWWA C900, Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. 
Through 12 in., for Water and Other Liquids [24: A.10.1.1] 


A.10.1.4 The following pipe design manuals can be used as 
guides: 


(1) AWWA C150, Thickness Design of Ductile Iron Pipe 

(2) AWWA C401, Standard Practice for the Selection of Asbestos- 
Cement Water Pipe 

(3) AWWA M41, Ductile Iron Pipe and Fittings 

(4) Concrete Pipe Handbook, American Concrete Pipe Associa- 
tion (24: A.10.1.4] 


A.10.1.5 For underground system components, a minimum 
system pressure rating of 150 psi (10.4 bar) is specified in 
10.1.5, based on satisfactory historical performance. Also, this 
pressure rating reflects that of the components typically used 
underground, such as piping, valves, and fittings. 

Where system pressures are expected to exceed pressures 
of 150 psi (10.4 bar), system components and materials manu- 
factured and listed for higher pressures should be used. Sys- 
tems that do not incorporate a fire pump or are not part of a 
combined standpipe system do not typically experience pres- 
sures exceeding 150 psi (10.4 bar) in underground piping. 
However, each system should be evaluated on an individual 
basis, because the presence of a fire department connection 
introduces the possibility of high pressures being applied by 
fire department apparatus. 

It is not the intent of this section to include the pressures 
generated through fire department connections as part of the 
maximum working pressure. 


Wire “pigtail” with 2 in. (50 mm) 
diameter loop and 4 in. (100 mm) tail 


45° 
maximum 


Restraint wire 


Detail B 
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Structural 
shape 


Steel strap 
(See Note) 


See Figure A.9.3.6.1(a), Detail A. 


#8 x 1 in. (25 mm) self-drilling screw 


N 


Detail A — At steel beams 
(Note: See Figure A.9.3.6.1(a), Detail A.] 


Splayed seismic restraint wire 


Web members 


Bottom chord Insulation over 
steel deck 


See Figure A.9.3.6.1(a), 
Detail A. j 


Restraint wire 


Splayed seismic 
restraint wire 


FIGURE A.9.3.6.1(b) Acceptable Details — Wire Connections to Steel Framing. 


KEK 


Two #8 x Yein. (12 mm) 
self-tapping screws 


Note 2 Steel straps 3 in. (75 mm) wide x 
See 4 in. (100 mm) long x 12 galvanized 
Notes: 
1. Splay wires parallel to joist. Splay , . , 
wires cannot be perpendicular to joist. Note: If self-tapping screws are used with concrete fill, 
2. See Figure A.9.3.6.1(a), Detail A. set screws before placing concrete. 
Detail B — At open web steel joist Detail C — At steel roof deck 
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Nonstructural 
concrete fill 


Steel deck 


#3 rebar x length 
required to cover 
minimum of four 
high corrugations 


See Detail B for 
alternate 
support detail 


Splayed seismic restraint 


Detail A — At steel deck with insulating fill 


Structural 
concrete fill 


See Note Steel deck 


Restraint wire 


Note: See Figure A.9.3.6.1(a), Detail A. 
Detail C — At steel deck with concrete fill 


For SI units, 1 in. = 25.4 mm. 


Structural 
concrete fill 


Wire “pigtail” 
(See Note) 


Note: See Figure A.9.3.6.1(a), Detail B. 
Detail B — At steel deck with concrete fill 


Structural 
concrete fill 


Steel deck 


See Note 


Restraint wire 


Note: See Figure A.9.3.6.1(a), Detail A. 
Detail D — At steel deck with concrete fill 


Note: If self-tapping screws are used with concrete fill, set screws before placing concrete. 


FIGURE A.9.3.6.1(c) Acceptable Details — Wire Connections to Steel Decking with Fill. 
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Three 1/4 in. (38 mm) x9 galvanized Ya in. (6.3 mm) diameter screw 


staples or three stronghold “J” nails eye with full thread embedment 
at each wire loop [1% in. (32 mm) minimum] - 
Top half 


1 in. of joist 
(25.4 mm) 
minimum 


OF 


Joist or rafter 
<—— Restraint wire 


Restraint wire 


Detail A — Wood joist or rafter Detail B — At wood joist or rafter 


: ; For restraint wires — fully embed 
i 
Three 1/4 in. (38 mm) x 9 galvanized staples or three screw eye threads in direction of wire 


stronghold “J” nails 
at each wire loop 


Ya in. (6.3 mm) diameter drilled hole 


(50 mm) minimum 


2 in. (50 mm) x blocking 
w/2 16d common nails 
each end 


Restraint wire ye 


Saddle tie (see Detail G) 


Co 
2 in. 


Restraint wire 


Detail C — At wood joist or block Detail D — To bottom of joist 


Web member 


Mw menahan wa 
TIME TA AAA AAA AAA 


Saddle tie — Do not insert 
(see Detail G) screw eyes into 


„side of laminated 


veneer lumber 
flange. 


Bottom chord Fa 


Restraint wire Restraint wire 


Detail E — Restraint wire parallel to wood truss Detail F — Laminated veneer lumber upper flange 
, rice a Note: Do not insert screw 
1% in. (38 mm) ah a is eyes parallel to laminations 
an ¥ in. (12 mm) (see Detail F). (Details can 


also be used at top chord.) 
| Restraint wires — 


four tight turns Ya in. (6.3 mm) 


diameter screw eye 
j F i with 1% in. (32 mm) 
Detail G — Typical saddle tie minimum penetration 
1 in. (25.4 mm) 
Restraint wire minimum 


Detail H — Laminated veneer lumber lower flange 


FIGURE A.9.3.6.1(d) Acceptable Details — Wire Connections to Wood Framing. 
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Fasteners 


ai (as an" 


Restraint 


rod //r= 400 
Surge Swivel 
restrainer attachment 
Restraint 
rod //r= 400 
Band 


hanger 


Surge 
restrainer 


Fasteners 


m (as required) 


——1-6 in. (152 mm) maximum 


FIGURE A.9.3.6.1(5)(a) Hangers, with Surge Clips, Used in Combination for Restraint of Branch Lines. 


Fasteners 


ee (as eX 


attachment 


attachment 


Restraint 
rod //r= 400 
Band 


h 
wae rod I/r= 


Band 
hanger 


FIGURE A.9.3.6.1(5)(b) Hangers, with Threaded Rod Extend 


A.10.1.6 The following standards apply to the application of 

coating and linings: 

(1) AWWA C104, Cement Mortar Lining For Ductile Iron Pipe and 
Fittings for Water 

(2) AWWA C105, Polyethylene Encasement for Ductile Iron Pipe Sys- 
tems 

(3) AWWA C203, Coal-Tar Protective Coatings and Linings for 
Steel Water Pipelines Enamel and Tape — Hot Applied 

(4) AWWA C205, Cement-Mortar Protective Lining and Coating for 
Steel Water Pipe 4 in. and Larger — Shop Applied 
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Restraint AA 


Fasteners 


ae required) 


400 A 


k—-6 in. (152 mm) maximum 


ed to Pipe, Used in Combination for Restraint of Branch Lines. 


(5) AWWA C602, Cement-Mortar Lining of Water Pipe Lines 4 in. 
and Larger — in Place 


(6) AWWA C116, Protective Fusion-Bonded Epoxy Coatings for the 
Interior and Exterior Surfaces of Ductile-Iron and Gray Iron Fit- 
tings for Water Supply Service 


For internal diameters of cement-lined ductile iron pipe, 
see Table A.10.1.6. 


(24: A.10.1.6] 
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Table A.10.1.6 ID for Cement-Lined Ductile Iron Pipe 
Pipe Size OD Pressure Thickness Wall Minimum Lining ID (in.) 
(in.) (in.) Class Class Thickness Thickness* with Lining 
3 3.96 350 0.25 "No 3.34 
3 3.96 51 0.25 "No 3.34 
3 3.96 52 0.28 “Yo 3.28 
3 3.96 53 0.31 6 3.22 
3 3.96 54 0.34 "Yo 3.16 
3 3.96 55 0.37 Yo 3.10 
3 3.96 56 0.40 “Yeo 3.04 
4 4.80 350 0.25 "No 4.18 
4 4.80 51 0.26 6 4.16 
4 4.80 52 0.29 "No 4.10 
4 4.80 53 0.32 Yeo 4.04 
4 4.80 54 0.35 Yeo 3.98 
4 4.80 55 0.38 6 3.92 
4 4.80 56 0.41 6 3.86 
6 6.90 350 0.25 “Yo 6.28 
6 6.90 50 0.25 "No 6.28 
6 6.90 51 0.28 "No 6.22 
6 6.90 52 0.31 "No 6.16 
6 6.90 53 0.34 Yeo 6.10 
6 6.90 54 0.37 Yo 6.04 
6 6.90 55 0.40 "No 5.98 
6 6.90 56 0.43 "No 5.92 
8 9.05 350 0.25 “Yo 8.43 
8 9.05 50 0.27 Yo 8.39 
8 9.05 51 0.30 vie 8.33 
8 9.05 52 0.33 Yo 8.27 
8 9.05 53 0.36 Yo 8.21 
8 9.05 54 0.39 “Yeo 8.15 
8 9.05 55 0.42 "No 8.09 
8 9.05 56 0.45 6 8.03 
10 11.10 350 0.26 Yo 10.46 
10 11.10 50 0.29 6 10.40 
10 11.10 51 0.32 Yo 10.34 
10 11.10 52 0.35 "Yo 10.28 
10 11.10 53 0.38 “Yo 10.22 
10 11.10 54 0.41 Yeo 10.16 
10 11.10 55 0.44 "No 10.10 
10 11.10 56 0.47 "Yo 10.04 
12 13.20 350 0.28 Yo 12.52 
12 13.20 50 0.31 Yo 12.46 
12 13.20 51 0.34 Yo 12.40 
12 13.20 52 0.37 "Yo 12.34 
12 13.20 53 0.40 Yo 12.28 
12 13.20 54 0.43 “Yeo 12.22 
12 13.20 55 0.46 6 12.16 
12 13.20 56 0.49 "No 12.10 
14 15.30 250 0.28 Yo 14.55 
14 15.30 300 0.30 Ysa 14.51 
14 15.30 350 0.31 oe 14.49 
14 15.30 50 0.33 oe 14.45 
14 15.30 51 0.36 Yeo 14.39 
14 15.30 52 0.39 Yeo 14.33 
14 15.30 53 0.42 Yo 14.27 


(continues) 
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Table A.10.1.6 Continued 


Pipe Size OD Pressure Thickness Wall Minimum Lining ID (in.) 
(in.) (in.) Class Class Thickness Thickness* with Lining 
14 15.30 54 0.45 Ye 14.21 
14 15.30 55 0.48 Yao 14.15 
14 15.30 56 0.51 Yao 14.09 
16 17.40 250 0.30 Ye 16.61 
16 17.40 300 0.32 Y2 16.57 
16 17.40 350 0.34 Yao 16.53 
16 17.40 50 0.34 Yao 16.53 
16 17.40 51 0.37 Ye 16.47 
16 17.40 52 0.40 Ye 16.41 
16 17.40 53 0.43 Ye 16.35 
16 17.40 54 0.46 Ye 16.29 
16 17.40 55 0.49 Ye 16.23 
16 17.40 56 0.52 Ye 16.17 
18 19.50 250 0.31 Ye 18.69 
18 19.50 300 0.34 Yao 18.63 
18 19.50 350 0.36 Ye 18.59 
18 19.50 50 0.35 Ye 18.61 
18 19.50 51 0.35 Yao 18.61 
18 19.50 52 0.41 Yao 18.49 
18 19.50 53 0.44 Yao 18.43 
18 19.50 54 0.47 Ye 18.37 
18 19.50 55 0.50 Ye 18.31 
18 19.50 56 0.53 Ye 18.25 
20 21.60 250 0.33 Y2 20.75 
20 21.60 300 0.36 Y2 20.69 
20 21.60 350 0.38 Yao 20.65 
20 21.60 50 0.36 Ye 20.69 
20 21.60 51 0.39 Yao 20.63 
20 21.60 52 0.42 Y2 20.57 
20 21.60 53 0.45 Ye 20.51 
20 21.60 54 0.48 Yao 20.45 
20 21.60 55 0.51 Ye 20.39 
20 21.60 56 0.54 Yao 20.33 
24 25.80 200 0.33 Y2 24.95 
24 25.80 250 0.37 Yao 24.87 
24 25.80 300 0.40 Ye 24.81 
24 25.80 350 0.43 Y2 24.75 
24 25.80 50 0.38 Ye 24.85 
24 25.80 51 0.41 Ye 24.79 
24 25.80 52 0.44 Yao 24.73 
24 25.80 53 0.47 Ye 24.67 
24 25.80 54 0.50 Y2 24.61 
24 25.80 55 0.53 Y2 24.55 
24 25.80 56 0.56 Ye 24.49 


ID: Internal diameter, OD: Outside diameter. 


“Note: This table is appropriate for single lining thickness only. The actual lining thickness should be 
obtained from the manufacturer. (24: Table A.10.1.6] 
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A.10.2.4 The following standards apply to joints used with the 
various types of pipe: 


(1) ASME B16.1, Cast-Iron Pipe Flanges and Flanged Fittings 

(2) AWWA C111, Rubber-Gasket Joints for Ductile Iron Pressure Pipe 
and Fittings 

(3) AWWA C115, Flanged Ductile Iron Pipe with Ductile Iron or 
Gray Iron Threaded Flanges 

(4) AWWA C206, Field Welding of Steel Water Pipe 

(5) AWWA C606, Grooved and Shouldered Joints 


(24: A.10.2.4] 


A.10.2.5 Fittings generally used are cast iron with joints made to 
the specifications of the manufacturer of the particular type of 
pipe (see the standards listed in A.10.2.4). Steel fittings also have 
some applications. The following standards apply to fittings: 


(1) ASME B16.1, Cast-Iron Pipe Flanges and Flanged Fittings 

(2) AWWA C110, Ductile Iron and Gray Iron Fittings, 3-in. 
Through 48-in., for Water and Other Liquids 

(3) AWWA C153, Ductile Iron Compact Fittings, 3 in. through 
24 in. and 54 in. through 64 in. for Water Service 

(4) AWWA C208, Dimensions for Fabricated Steel Water Pipe Fittings 


(24: A.10.2.5] 


Notes: 
1. For SI Units, 1 in. = 25.4 mm; 1 ft = 0.304 m. 


A.10.4.1 The following documents apply to the installation of 
pipe and fittings: 


(1) AWWA C603, Standard for the Installation of Asbestos-Cement 
Water Pipe 

(2) AWWA C600, Standard for the Installation of Ductile-Iron Wa- 
ter Mains and Their Appurtenances 

(3) AWWA M11, A Guide for Steel Pipe Design and Installation 

(4) AWWA M41, Ductile Iron Pipe and Fittings 

(5) Concrete Pipe Handbook, American Concrete Pipe Associa- 
tion 

(6) Handbook of PVC Pipe, Uni-Bell PVC Pipe Association 

(7) Installation Guide for Ductile Iron Pipe, Ductile Iron Pipe Re- 
search Association 

(8) Thrust Restraint Design for Ductile Iron Pipe, Ductile Iron 
Pipe Research Association 


As there is normally no circulation of water in private fire 
mains, they require greater depth of covering than do public 
mains. Greater depth is required in a loose gravelly soil (or in 
rock) than in compact soil containing large quantities of clay. 
The recommended depth of cover above the top of under- 
ground yard mains is shown in Figure A.10.4.1. [24: A.10.4.1] 


Scale in miles 


0 50 100150 200 
= 


2. Where frost penetration is a factor, the depth of cover shown averages 6 in. greater than that usually provided by the municipal waterworks. 


Greater depth is needed because of the absence of flow in yard mains. 


FIGURE A.10.4.1 Recommended Depth of Cover (in feet) Above Top of 


Underground Yard Mains. [24:Figure A.10.4.1] 
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A.10.5.1 In determining the need to protect aboveground tems, see Appendix A of AWWA C105, Polyethylene Encasement for 
piping from freezing, the lowest mean temperature should be Ductile Iron Pipe Systems. (24: A.10.6.7] 


sidered as sh in Fi A.10.5.1. (24: A.10.5.1 
D aa [2 an A.10.6.8 Where lightning protection is provided for a struc- 


. 
a” Saranac Lake 


A.10.6.4 It is not the intent of this provision to prohibit pip- ture, NFPA 780, 4.14 requires that all grounding media includ- 
ing from passing under or through the foundation. Best prac- ing underground metallic piping systems be interconnected 
tices are to locate risers to minimize the run of pipe below the to provide a common ground potential. These underground 
building. (24: A.10.6.4] piping systems are not permitted to be substituted for ground- 
A.10.6.5 The individual piping standards should be followed ing electrodes but must be bonded to the lightning protection 
for load and bury depth, accounting for the load and stresses grounding system. Where galvanic corrosion 15 of concern, 
imposed by the building foundation. (24: A.10.6.5] this bond may be made via a spark gap or gas discharge tube. 
Figure A.10.6.5 shows location where pipe joints would be (24: A.10.6.8] 
prohibited. A.10.6.8.1 While the use of the underground fire protection 
A.10.6.7 Gray cast iron is not considered galvanically dissimi- piping as the grounding electrode for the building is prohib- 
lar to ductile iron. Rubber gasket joints (unrestrained push-on ited, NFPA 70 requires that all metallic piping systems be 
or mechanical joints) are not considered connected electri- bonded and grounded to disperse stray electrical currents. 
cally. Metal thickness should not be considered a protection Therefore, the fire protection piping will be bonded to other 
against corrosive environments. In the case of cast-iron or duc- metallic systems and grounded, but the electrical system will 
tile iron pipe for soil evaluation and external protection sys- need an additional ground for its operation. 
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Source: Compiled from United States Weather Bureau records. 
For SI units, °C = % (°F —32); 1 mi = 1.609 km. 


FIGURE A.10.5.1 Isothermal Lines — Lowest One-Day Mean Temperature (°F). 
[24:Figure A.10.5.1] 
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System riser 


or iron flange 


and spigot piece 


fittings Joint restraint 


Acceptable pipe 
material 


FIGURE A.10.6.5 Pipe Joint Location in Relation to Founda- 
tion Footings. 


A.10.8.1.1 It is a fundamental design principle of fluid me- 
chanics that dynamic and static pressures, acting at changes in 
size or direction of a pipe, produce unbalanced thrust forces 
at locations such as bends, tees, wyes, dead ends, and reducer 
offsets. This design principle includes consideration of lateral 
soil pressure and pipe/soil friction, variables that can be reli- 
ably determined using current soil engineering knowledge. 
Refer to A.10.8.3 for a list of references for use in calculating 
and determining joint restraint systems. 

Except for the case of welded joints and approved special 
restrained joints, such as is provided by approved mechanical 
joint retainer glands or locked mechanical and push-on joints, 
the usual joints for underground pipe are expected to be held 
in place by the soil in which the pipe is buried. Gasketed 
push-on and mechanical joints without special locking devices 
have limited ability to resist separation due to movement of 
the pipe. 

(24: A.10.8.1.1] 


A.10.8.2 Thrust Blocks. Concrete thrust blocks are one of the 
methods of restraint now in use, provided that stable soil con- 
ditions prevail and space requirements permit placement. 
Successful blocking is dependent upon factors such as loca- 
tion, availability and placement of concrete, and possibility of 
disturbance by future excavations. 

Resistance is provided by transferring the thrust force to 
the soil through the larger bearing area of the block such that 
the resultant pressure against the soil does not exceed the 
horizontal bearing strength of the soil. The design of thrust 
blocks consists of determining the appropriate bearing area of 
the block for a particular set of conditions. The parameters 
involved in the design include pipe size, design pressure, 
angle of the bend (or configuration of the fitting involved), 
and the horizontal bearing strength of the soil. 

Table A.10.8.2(a) gives the nominal thrust at fittings for vari- 
ous sizes of ductile iron and PVC piping. Figure A.10.8.2(a) 
shows an example of how thrust forces act on a piping bend. 


Thrust blocks are generally categorized into two groups — 
bearing and gravity blocks. Figure A.10.8.2(b) depicts a typical 
bearing thrust block on a horizontal bend. 


The following are general criteria for bearing block design: 


(1) The bearing surface should, where possible, be placed 
against undisturbed soil. 

(2) Where it is not possible to place the bearing surface 
against undisturbed soil, the fill between the bearing sur- 
face and undisturbed soil must be compacted to at least 
90 percent Standard Proctor density. 

(3) Block height (h) should be equal to or less than one-half 
the total depth to the bottom of the block (H,) but not less 
than the pipe diameter (D). 

(4) Block height (h) should be chosen such that the calcu- 
lated block width (b) varies between one and two times the 
height. 

(5) Gravity thrust blocks can be used to resist thrust at vertical 
down bends. In a gravity thrust block, the weight of the block 
is the force providing equilibrium with the thrust force. The 
design problem is then to calculate the required volume of 
the thrust block of a known density. The vertical component 
of the thrust force in Figure A.10.8.2(c) is balanced by the 
weight of the block. For required horizontal bearing block 
areas, see Table A.10.8.2(b). 


The required block area (A,) is as follows: 


where: 
A, = required block area (ft?) 
h = block height (ft) 
b = calculated block width (ft) 
T = thrust force (lbf) 
S, = safety factor (usually 1.5) 
S, = bearing strength (lb/ft?) 


Then, for a horizontal bend, the following formula is used: 


2(5,(P)(a)sin $ 


(n)(S, ) 


b= 


where: 
b = calculated block width (ft) 
S, = safety factor (usually 1.5 for thrust block design) 
P = water pressure (Ib/in.”) 
A = cross-sectional area of the pipe based on outside 
diameter 
h = block height (ft) 
S, = horizontal bearing strength of the soil (lb/ft”) 
(in.?) 


Asimilar approach can be used to design bearing blocks to 
resist the thrust forces at locations such as tees and dead ends. 
Typical values for conservative horizontal bearing strengths of 
various soil types are listed in Table A.10.8.2(c). 

In lieu of the values for soil bearing strength shown in 
Table A.10.8.2(c), a designer might choose to use calculated 
Rankine passive pressure (P,,) or other determination of soil- 
bearing strength based on actual soil properties. 
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Table A.10.8.2(a) Thrust at Fittings at 100 psi (6.9 bar) Water Pressure for Ductile Iron and PVC Pipe 


Nominal Total Pounds 
Pipe 
Diameter 90 Degree 45 Degree 2212 Degree 11% Degree 518 Degree 
(in.) Dead End Bend Bend Bend Bend Bend 
4 1,810 2,559 1,385 706 355 162 
6 3,739 5,288 2,862 1,459 733 334 
8 6,433 9,097 4,923 2,510 1,261 575 
10 9,677 13,685 7,406 3,776 1,897 865 
12 13,685 19,353 10,474 5,340 2,683 1,224 
14 18,385 26,001 14,072 7,174 3,604 1,644 
16 23,779 33,628 18,199 9,278 4,661 2,126 
18 29,865 42,235 22,858 11,653 5,855 2,670 
20 36,644 51,822 28,046 14,298 7,183 3,277 
24 52,279 73,934 40,013 20,398 10,249 4,675 
30 80,425 113,738 61,554 31,380 15,766 7,191 
36 115,209 162,931 88,177 44,952 22,585 10,302 
42 155,528 219,950 119,036 60,684 30,489 13,907 
48 202,683 286,637 155,127 79,083 39,733 18,124 
Notes: 


(1) For SI units, 1 Ib = 0.454 kg; 1 in. = 25.4 mm. 
(2) To determine thrust at pressure other than 100 psi (6.9 bar), multiply the thrust obtained in the table by 


the ratio of the pressure to 100 psi (6.9 bar). For example, the thrust on a 12 in., 90 degree bend at 125 psi 
(8.6 bar) is 19,353 x 125/100 = 24,191 Ib. 


(24: Table A.10.8.2(a) ] 


Table A.10.8.2(b) Required Horizontal Bearing Block Area 


Nominal Nominal Nominal 
Pipe Bearing Pipe Bearing Pipe Bearing 
Diameter Block Area Diameter Block Area Diameter Block Area 
(in.) (ft) (in.) (ft?) (in.) (ft?) 
3 2.6 12 29.0 24 110.9 
4 3.8 14 39.0 30 170.6 
6 7.9 16 50.4 36 244.4 
8 13.6 18 63.3 42 329.9 
10 20.5 20 77.7 48 430.0 
Notes: 


(1) Although the bearing strength values in this table have been used successfully in the design of thrust 
blocks and are considered to be conservative, their accuracy is totally dependent on the accurate soil identi- 
fication and evaluation. The ultimate responsibility for selecting the proper bearing strength of a particular 
soil type must rest with the design engineer. 
(2) Values listed are based on a 90 degree horizontal bend, an internal pressure of 100 psi, a soil horizontal 
bearing strength of 1,000 lb/ft”, a safety factor of 1.5, and ductile-iron pipe outside diameters. 
(a) For other horizontal bends, multiply by the following coefficients: 45 degree: 0.414; 22% degree: 0.199; 
11% degree: 0.098. 
(b) For other internal pressures, multiply by ratio to 100 psi. 
(c) For other soil horizontal bearing strengths, divide by ratio to 1,000 lb/ft’. 
(d) For other safety factors, multiply by ratio to 1.5. 
Example. Using Table A.10.8.2(c), find the horizontal bearing block area for a 6 in. diameter, 45 degree bend 
with an internal pressure of 150 psi. The soil bearing strength is 3,000 1b/ft?, and the safety factor is 1.5. 
From Table A.10.8.2(c), the required bearing block area for a 6 in. diameter, 90 degree bend with an internal 
pressure of 100 psi and a soil horizontal bearing strength of 1,000 psi is 7.9 ft?. 

For our problem: 


7.9 ft? (0.414) 122 


= 100 _ 2 
Area 3,000 1.64 ft 


1,000 


(24: Table A.10.8.2(b) ] 
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y & Table A.10.8.2(c) Horizontal Bearing Strengths 
| N 
| 2 Bearing Strength, S, 
| 
| Soil lb/ft? kN/m? 
Muck 0 0 
Soft clay 1000 47.9 
x Silt 1500 71.8 
Sandy silt 3000 143.6 
Sand 4000 191.5 
Sandy clay 6000 287.3 
E = ” n2 
Eee): ee Hard clay 9000 430.9 
Ty = PAsin 0 DS pee í e 
T=2 PA sin$ pipe (i 2 Ty T Note: Although the bearing strength values in this table have been 
| used successfully in the design of thrust blocks and are considered to 
a | be conservative, their accuracy is totally dependent on accurate soil 
A= (20 = 3) Y identification and evaluation. The ultimate responsibility for selecting 


design engineer. 


T = Thrust force resulting from change in direction of flow (lbf) 
(24: Table A.10.8.2(c) ] 


T, = Component of the thrust force acting parallel to the original 
direction of flow (lbf) 


T, = Component of the thrust force acting perpendicular to the 
original direction of flow (Ibf) 


P= Water pressure (psi?) 
A= Cross-sectional area of the pipe based on outside diameter (in.2) 
V= Velocity in direction of flow 


FIGURE A.10.8.2(a) Thrust Forces Acting on a Bend. [24:Fig- 
ure A.10.8.2(a)] 


v2 Bearing pressure 


Undisturbed soil 
wet LINNEY 


T = thrust force resulting from the change in direction of flow 
Sp = horizontal bearing strength of the soil 

h = block height 

H; = total depth to bottom of block 


FIGURE A.10.8.2(b) Bearing Thrust Block. [24:Figure A.10.8.2(b)| 


the proper bearing strength of a particular soil type must rest with the 
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Horizontal 


Thrust force resulting from the change of direction of flow 
Horizontal component of the thrust force 

Vertical component of the thrust force 

Horizontal bearing strength of the soil 


DAA A 


FIGURE A.10.8.2(c) 
A.10.8.2(c)] 


Gravity Thrust Block. [24:Figure 


It can be easily be shown that T, = PA sin 0. The required 
volume of the block is as follows: 


S,PAsin® 
g KN 
where: 
V, = block volume (tb) 
S, = safety factor | 
P = water pressure (psi) 
A = cross-sectional area of the pipe interior 
W,, = density of the block material (lb/ft?) 


m 


In a case such as the one shown, the horizontal component 
of thrust force is calculated as follows: 


T, = PA(1-cos 6) 


where: 

T, = horizontal component of the thrust force 
P = water pressure 

A = cross-sectional area of the pipe interior 


The horizontal component of thrust force must be resisted 
by the bearing of the right side of the block against the soil. 
Analysis of this aspect follows the same principles as the previ- 
ous section on bearing blocks. 

(24: A.10.8.2] 


A.10.8.3 Restrained Joint Systems. A method for providing 
thrust restraint is the use of restrained joints. A restrained joint is 
a special type of joint that is designed to provide longitudinal 
restraint. Restrained joint systems function in a manner similar to 
thrust blocks, insofar as the reaction of the entire restrained unit 
of piping with the soil balances the thrust forces. 

The objective in designing a restrained joint thrust re- 
straint system is to determine the length of pipe that must be 
restrained on each side of the focus of the thrust force. This 
will be a function of the pipe size, the internal pressure, the 
depth of cover, and the characteristics of the solid surround- 
ing the pipe. 

The following documents apply to the design, calculation, 
and determination of restrained joint systems: 


I 2010 Edition 


(1) Thrust Restraint Design for Ductile Iron Pipe, Ductile Iron 
Pipe Research Association 

(2) AWWA M41, Ductile Iron Pipe and Fittings 

(3) AWWA M9, Concrete Pressure Pipe 

(4) AWWA M11, Steel Pipe — A Guide for Design and Installation 

(5) Thrust Restraint Design Equations and Tables for Ductile Iron 
and PVC Pipe, EBAA Iron, Inc. 


Figure A.10.8.3 shows an example of a typical connection 
to a fire protection system riser utilizing restrained joint pipe. 
(24: A.10.8.3] 


T Ductile iron flange 
and spigot piece 


4 | 5 
 — Restrained joint 


ka Ductile iron bell 


and spigot pipe 


Restrained joints 


FIGURE A.10.8.3 Typical Connection to a Fire Protection Sys- 
tem Riser Illustrating Restrained Joints. [24:Figure A.10.8.3] 


A.10.8.3.5 Examples of materials and the standards covering 
these materials are as follows: 


(1) Clamps, steel (see discussion on steel in the following para- 
graph) 

(2) Rods, steel (see discussion on steel in the following paragraph) 

(3) Bolts, steel (ASTM A 307, Standard Specification for Carbon 
Steel Bolts and Studs) 

(4) Washers, steel (see discussion on steel in the following paragraph); 
cast iron (Class A cast iron as defined by ASTM A 126, Stan- 
dard Specification for Gray Iron Casting for Valves, Flanges and 
Pipe Fittings) 

(5) Anchor straps and plug straps, steel (see discussion on steel 
in the following paragraph) 

(6) Rod couplings or turnbuckles, malleable iron (ASTM A 197, 
Standard Specification for Cupola Malleable Iron) 


Steel of modified range merchant quality as defined in U.S. 
Federal Standard No. 66C, Standard for Steel Chemical Composi- 
tion and Harden Ability, April 18, 1967, change notice No. 2, 
April 16, 1970, as promulgated by the U.S. Federal Govern- 
ment General Services Administration. 

The materials specified in A.10.8.3.5(1) through (6) do not 
preclude the use of other materials that will also satisfy the 
requirements of this section. 

(24: A.10.8.3.5] 


A.10.10.2.1 Underground mains and lead-in connections to 
system risers should be flushed through hydrants at dead ends 
of the system or through accessible aboveground flushing out- 
lets allowing the water to run until clear. Figure A.10.10.2.1 
shows acceptable examples of flushing the system. If water is 
supplied from more than one source or from a looped system, 
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divisional valves should be closed to produce a high-velocity flow 
through each single line. The flows specified in Table 10.10.2.1.3 
will produce a velocity of at least 10 ft/sec (3 m/sec), which is 
necessary for cleaning the pipe and for lifting foreign material to 
an aboveground flushing outlet. (24: A.10.8.2.1] 


Wye or Siamese connection 
with clappers removed 


4 in. (102 mm) steel pipe 


“S Reducing ell 6 in. x 4 in. (152 mm x 
102 mm) or 8 in. x 4 in. 
(203 mm x 102 mm) 


Pas 
2% in. (64 mm) hose 


Water to flow 


Cast iron flanged spigot 
l 3 RE through open hose 


pipe from underground 


Employing horizontal run of 4 in. (102 mm) pipe and 


reducing fitting near base of riser Water can be discharged 


Fire department through open end of 4 in. 


Install a plug or check valve (102 mm) pipe or through 
a nipple and cap AN or Siamese connection 
and flush 4 Zs hose as shown 
underground 


before overhead 
piping is 
connected 


SS 
22 in. 7 
(64 mm) hose 


Remove clapper 
during flushing 
operation 


Approved 
indicating 
valve PENN TTT NO Water can be 
Remove lappar düúr-` discharged through 
ing flushing operation open end of 4 in. 
Install a plug or 4in. (102 mm) pipe or 
a nipple and cap through Y or Siamese 
and flush j VJ connection with hose 
underground as shown above 
before P 
piping 5 d Te OOS Pe aka 
connecte R Grade 
° 
Approved Ši From underground 
indicating i f 
valve 


Employing fire department connections 


FIGURE A.10.10.2.1 Methods of Flushing Water Supply Con- 
nections. [24:Figure A.10.10.2.1] 


A.10.10.2.2.1 A sprinkler system has for its water supply a con- 
nection to a public water service main. A 100 psi (6.9 bar) rated 
pump is installed in the connection. With a maximum normal 
public water supply of 70 psi (4.8 bar) at the low elevation point 
of the individual system or portion of the system being tested and 
a 120 psi (8.3 bar) pump (churn) pressure, the hydrostatic test 
pressure is 70 psi + 120 psi + 50 psi, or 240 psi (16.5 bar). 

To reduce the possibility of serious water damage in case of a 
break, pressure can be maintained by a small pump, the main 
controlling gate meanwhile being kept shut during the test. 

Polybutylene pipe will undergo expansion during initial 
pressurization. In this case, a reduction in gauge pressure 
might not necessarily indicate a leak. The pressure reduction 


should not exceed the manufacturer’s specifications and list- 
ing criteria. 

When systems having rigid thermoplastic piping such as 
CPVC are pressure tested, the sprinkler system should be filled 
with water. The air should be bled from the highest and far- 
thest sprinklers. Compressed air or compressed gas should 
never be used to test systems with rigid thermoplastic pipe. 

A recommended test procedure is as follows: The water 
pressure is to be increased in 50 psi (3.4 bar) increments until 
the test pressure described in 10.10.2.2.1 is attained. After 
each increase in pressure, observations are to be made of the 
stability of the joints. These observations are to include such 
items as protrusion or extrusion of the gasket, leakage, or 
other factors likely to affect the continued use of a pipe in 
service. During the test, the pressure is not to be increased by 
the next increment until the joint has become stable. This 
applies particularly to movement of the gasket. After the pres- 
sure has been increased to the required maximum value and 
held for 1 hour, the pressure is to be decreased to 0 psi while 
observations are made for leakage. The pressure is again to be 
slowly increased to the value specified in 10.10.2.2.1 and held 
for 1 more hour while observations are made for leakage and 
the leakage measurement is made. 


(24: A.10.10.2.2.1] 


A.10.10.2.2.4 Hydrostatic tests should be made before the 
joints are covered, so that any leaks can be readily detected. 
Thrust blocks should be sufficiently hardened before hydro- 
static testing is begun. If the joints are covered with backfill 
prior to testing, the contractor remains responsible for locat- 
ing and correcting any leakage in excess of that permitted. 


A.10.10.2.2.6 One acceptable means of completing this test is 
to utilize a pressure pump that draws its water supply from a 
full container. At the completion of the 2-hour test, the 
amount of water to refill the container can be measured to 
determine the amount of makeup water. To minimize pres- 
sure loss, the piping should be flushed to remove any trapped 
air. Additionally, the piping should be pressurized for 1 day 
prior to the hydrostatic test to account for expansion, absorp- 
tion, entrapped air, and so on. 

The use of a blind flange or skillet is preferred for use when 
hydrostatically testing segments of new work. Metal-seated 
valves are susceptible to developing slight imperfections dur- 
ing transport, installation, and operation and thus can be 
likely to leak more than 1 fl oz/in. (1.2 mL/mm) of valve 
diameter per hour. For this reason, the blind flange should be 
used when hydrostatically testing. 

(24: A.10.10.2.2.4] 


A.11.1.2 The situation frequently arises where a small area of a 
higher hazard is surrounded by a lesser hazard. For example, 
consider a 600 ft? (55.7 m?) area consisting of 10 ft (3.05 m) high 
on-floor storage of cartoned unexpanded plastic commodities 
surrounded by a plastic extruding operation in a 15 ft (4.57 m) 
high building. In accordance with Chapter 12, the density re- 
quired for the plastic storage must meet the requirements for 
extra hazard (Group 1) occupancies. The plastic extruding op- 
eration should be considered an ordinary hazard (Group 2) oc- 
cupancy. In accordance with Chapter 11, the corresponding dis- 
charge densities should be 0.3 gpm/ft? (12.2 mm/min) over 
2500 ft? (232 m?) for the storage and 0.2 gpm/ft” (8.1 mm/min) 
over 1500 ft? (139 m”) for the remainder of the area. (Also see 
Chapter 11 for the required minimum areas of operation.) 
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If the storage area is not separated from the surrounding 
area by a wall or partition (see 11.1.2), the size of the operating 
area is determined by the higher hazard storage. 


For example, the operating area is 2500 ft? (232 m”). The 
system must be able to provide the 0.3 gpm/ft? (12.2 mm/ 
min) density over the storage area and 15 ft (4.57 m) beyond. 
If part of the remote area is outside the 600 ft? (55.7 m?) plus 
the 15 ft (4.57 m) overlap, only 0.2 gpm/ft? (8.1 mm/min) is 
needed for that portion. 

If the storage is separated from the surrounding area by a 
floor-to-ceiling/roof partition that is capable of preventing 
heat from a fire on one side from fusing sprinklers on the 
other side, the size of the operating area is determined by the 
occupancy of the surrounding area. In this example, the de- 
sign area is 1500 ft? (139 m°). A 0.3 gpm/ft” (12.2 mm/min) 
density is needed within the separated area with 0.2 gpm/ ft? 
(8.1 mm/min) in the remainder of the remote area. 


A.11.1.4.1 See Section A.4.3. 


A.11.1.4.2 Appropriate area/density, other design criteria, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
fire testing, calculations, or results from appropriate computa- 
tional models. 


Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinklered properties, which 
have various causes, there should be an adequate water supply 
available for fire department use. 


The hose stream demand required by this standard is in- 
tended to provide the fire department with the extra flow they 
need to conduct mop-up operations and final extinguishment of 
a fire at a sprinklered property. This is not the fire department 
manual fire flow, which is determined by other codes or stan- 
dards. However, it is not the intent of this standard to require that 
the sprinkler demand be added to the fire flow demand. The 
sprinkler demand should be permitted to be considered in the 
fire flow required by other codes and standards. 


A.11.1.5.2 Where tanks serve sprinklers only, they can be 
sized to provide the duration required for the sprinkler sys- 
tem, ignoring any hose stream demands. Where tanks serve 
some combination of sprinklers, inside hose stations, outside 
hose stations, or domestic/process use, the tank needs to be 
capable of providing the duration for the equipment that is 
fed from the tank, but the demands of equipment not con- 
nected to the tank can be ignored. Where a tank is used for 
both domestic/process water and fire protection, the entire 
duration demand of the domestic/process water does not 
need to be included in the tank if provisions are made to seg- 
regate the tank so that adequate fire protection water is always 
present or if provisions are made to automatically cut off the 
simultaneous use in the event of fire. 


A.11.1.5.3 Where pumps serve sprinklers only, they can be 
sized to provide the flow required for the sprinkler system, 
ignoring any hose stream demands. Where pumps serve some 
combination of sprinklers, inside hose stations, or outside 
hose stations, the pump needs to be capable of providing the 
flow for the equipment that is fed from the pump, but the 
demands of equipment not connected to the pump can be 
ignored. 
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A.11.1.6.2(3) When a light hazard occupancy, such as a school, 
contains separate ordinary hazard rooms no more than 400 ft? 
(37.2 m°), the hose stream allowance and water supply duration 
would be that required for a light hazard occupancy. 


A.11.1.6.4 When the hose demand is provided by a separate 
water supply, the sprinkler calculation does not include the 
outside hose demand. 


A.11.1.6.6 For fully sprinklered buildings, if hose valves or 
stations are provided on a combination sprinkler riser and 
standpipe for fire department use in accordance with 
NFPA 14, Standard for the Installation of Standpipe and Hose Sys- 
tems, the hydraulic calculation for the sprinkler system is not 
required to include the standpipe allowance. 


A.11.1.7 There has been some full-scale fire testing involving 
the interaction of HVLS fans and fire sprinklers. To date, this 
testing is insufficient to determine design criteria for fire 
sprinkler systems in the vicinity of such fans. 


A.11.2.1.1 This approach is based on a general occupancy clas- 
sification applied to the building or a portion of the building. 


A.11.2.2.6 The additional pressure that is needed at the level of 
the water supply to account for sprinkler elevation is 0.433 psi/ft 
(0.098 bar/m) of elevation above the water supply. 


A.11.2.3.1.4(1) The area of sprinkler operation typically en- 
compasses enough of the floor area to make-up the minimum 
allowed size of the remote area up to the entire area of a single 
floor of the building. 


A.11.2.3.1.4(3) This section is included to compensate for 
possible delay in operation of sprinklers from fires in combus- 
tible concealed spaces found in wood frame, brick veneer, and 
ordinary construction. 


A.11.2.3.1.4(4)(d) Composite wood joists are not considered 
solid wood joists for the purposes of this section. Their web 
members are too thin and easily penetrated to adequately 
compartment a fire in an unsprinklered space. Application of 
this item is not affected by the depth of the joist channel ex- 
cept in determining the volume. The concealed space above 
the insulation can be an attic, roof space, or floor space within 
a floor assembly. 


A.11.2.3.1.4(4)(j) The gypsum board (or equivalent mate- 
rial) used as the firestopping will compartment the concealed 
space and restrict the ability for fire to spread beyond 160 ft? 
(4.5 m?) zones covering multiple joist channels. 


A.11.2.3.2.5 Where extended coverage sprinklers are used 
and the design area (after appropriate increases) is satisfied by 
five sprinklers, no additional increase is required. With regard 
to preaction systems, the discharge criteria of Chapter 11 are 
written based upon the assumption that the release system will 
activate before the sprinkler system. It is generally accepted 
that smoke detectors and rate of rise detectors are more sensi- 
tive than sprinklers and that fixed temperature release devices 
with RTIs lower than sprinklers will react faster than sprinklers 
at similar spacings and locations. 


A.11.2.3.2.7 Example 1. Adry pipe sprinkler system (OH2) ina 
building with a ceiling slope exceeding 2 in 12 in. (16.6 per- 
cent slope). The initial area must be increased 30 percent for 
the dry pipe system and the resulting area an additional 
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30 percent for the roof slope. If the point 0.2 gpm/ft? (8.1 mm/ 
min) over 1500 ft? (139 m”) is chosen from Figure 11.2.3.1.1, the 
1500 ft? (139 m?) area is increased 450 ft? (42 mP) to 1950 ft? 
(181 m?), which is then further increased 585 ft? (54 m°). The 
final discharge criterion is then 0.2 gpm/ ft? (8.1 mm/min) over 
2535 ft? (236 m3). 

Example 2. A wet pipe sprinkler system (light hazard) in a 
building with a 16 ft 8 in. (5.1 m) ceiling and a slope exceed- 
ing two in 12 in. (16.6 percent slope) employs quick-response 
sprinklers qualifying for a 30 percent reduction as permitted 
by 11.2.3.2.3. The initial area must be increased 30 percent for 
the ceiling slope and the resulting area decreased 30 percent 
for quick-response sprinklers. It does not matter whether the 
reduction is applied first. Ifa discharge density of 0.1 gpm/ ft” 
(4.1 mm/min) over 1500 ft? (139 m?) is chosen from Fig- 
ure 11.2.3.1.1, the 1500 ft? (139 m?) is increased 450 ft? 
(42 m?), resulting in 1950 ft? (181 m?), which is then de- 
creased 585 ft” (54 m°). The final design is 0.1 gpm/ft? 
(4.1 mm/min) over 1365 ft? (126.8 m?). 


A.11.2.3.3.1 This subsection allows for calculation of the 
sprinklers in the largest room, so long as the calculation pro- 
duces the greatest hydraulic demand among selection of 
rooms and communicating spaces. For example, in a case 
where the largest room has four sprinklers and a smaller room 
has two sprinklers but communicates through unprotected 
openings with three other rooms, each having two sprinklers, 
the smaller room and group of communicating spaces should 
also be calculated. 

Corridors are rooms and should be considered as such. 

Walls can terminate at a substantial suspended ceiling and 
need not be extended to a rated floor slab above for this sec- 
tion to be applied. 


A.11.2.3.4.2 This section is intended to apply to all types of 
systems including dry pipe and preaction systems. 


A.11.3.1.1 The protection area for residential sprinklers with 
extended coverage areas is defined in the listing of the sprin- 
kler as a maximum square or rectangular area. Listing infor- 
mation is presented in even 2 ft (0.61 m) increments from 
12 ft to 20 ft (3.6 m to 6.1 m) for residential sprinklers. When 
a sprinkler is selected for an application, its area of coverage 
must be equal to or greater than both the length and width of 
the hazard area. For example, if the hazard to be protected is a 
room 14 ft 6 in. (4.3 m) wide and 20 ft 8 in. (6.2 m) long, a 
sprinkler that is listed to protect an area of 16 ft x 22 ft (4.9 m 
x 6.8 m) must be selected. The flow used in the calculations is 
then selected as the flow required by the listing for the se- 
lected coverage. (See Figure A.11.3.1.1.) 


A.11.3.1.2 It should be noted that the provisions of Sec- 
tion 11.2 do not normally apply to the residential sprinkler 
design approach. The reference to 11.2.3.1.4(4) is merely to 
provide a consistent approach between the occupancy hazard 
fire control approach and the residential sprinkler design ap- 
proach with respect to unsprinklered combustible concealed 
spaces. 

A.11.3.1.3 In Figure A.11.3.1.3, calculate the area indicated 
by the heavy outline and X. The circle indicates sprinklers. 
A.11.3.2.1 If the system is a deluge type, all the sprinklers 
need to be calculated even if they are located on different 
building faces. 

A.12.1.1.1 Sprinkler protection criteria are based on the as- 


sumption that roof vents and draft curtains are not being 
used. (See Section C.6.) 


| 14 ft 6 in. (4.5 m) | 


20ft8 in. (6.4 m) 


FIGURE A.11.3.1.1 Determination of Protection Area of 
Coverage for Residential Sprinklers. 


FIGURE A.11.3.1.3 Examples of Design Area for Dwelling 
Units. 


A.12.1.1.3 Draft curtains have been shown to have a negative 
effect on sprinkler effectiveness. If they are mandated, extreme 
care needs to be taken to minimize any potential impacts. 


A.12.2 Authorities having jurisdiction have varying require- 
ments for plant first aid and fire-fighting operations. Ex- 
amples include (1) no hose stations, (2) hose stations with 
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hose line and nozzles, and (3) hose stations with no hose line 
or nozzles. 


A.12.3 The situation frequently arises where a small area of a 
higher hazard is surrounded by a lesser hazard. For example, 
consider a 600 ft? (55.7 m?) area consisting of 10 ft (3.05 m) high 
on-floor storage of cartoned unexpanded plastic commodities 
surrounded by a plastic extruding operation in a 15 ft (4.57 m) 
high building. In accordance with Chapter 12, the density re- 
quired for the plastic storage must meet the requirements for 
extra hazard (Group 1) occupancies. The plastic extruding op- 
eration should be considered an ordinary hazard (Group 2) oc- 
cupancy. In accordance with Chapter 11, the corresponding dis- 
charge densities should be 0.3 gpm/ft? (12.2 mm/min) over 
2500 ft? (232 m”) for the storage and 0.2 gpm/ft? (8.1 mm/min) 
over 1500 ft? (139 m”) for the remainder of the area. (Also see 
Chapter 11 for the required minimum areas of operation.) 

If the storage area is not separated from the surrounding 
area by a wall or partition (see 11.1.2), the size of the operating 
area is determined by the higher hazard storage. 

For example, the operating area is 2500 ft? (232 m”). The 
system must be able to provide the 0.3 gpm/ft? (12.2 mm/ 
min) density over the storage area and 15 ft (4.57 m) beyond. 
If part of the remote area is outside the 600 ft? (55.7 m?) plus 
the 15 ft (4.57 m) overlap, only 0.2 gpm/ft? (8.1 mm/min) is 
needed for that portion. 

If the storage is separated from the surrounding area by a 
floor-to-ceiling/roof partition that is capable of preventing 
heat from a fire on one side from fusing sprinklers on the 
other side, the size of the operating area is determined by the 
occupancy of the surrounding area. In this example, the de- 
sign area is 1500 ft? (139 m”). A 0.3 gpm/ft? (12.2 mm/min) 
density is needed within the separated area with 0.2 gpm/ft 
(8.1 mm/min) in the remainder of the remote area. 

Where high temperature-rated sprinklers are installed at 
the ceiling, high temperature-rated sprinklers also should ex- 
tend beyond storage in accordance with Table A.12.3. 


Table A.12.3 Extension of Installation of High-Temperature 
Sprinklers over Storage 


Distance Beyond Perimeter of 


High-Hazard 
Design Area for High Occupancy for High 
Temperature-Rated Temperature-Rated 
Sprinklers Sprinklers 

ft? m? ft m 

2000 185.8 30 9.14 

3000 278.7 40 12.2 

4000 371.6 45 13.72 

5000 464.5 50 15.24 

6000 557.4 55 16.76 


A.12.4 Wet systems are recommended for storage occupan- 
cies. Dry pipe systems should be permitted only where it is 
impractical to provide heat. 


A.12.4.2 Wet systems are recommended for rack storage oc- 
cupancies. Dry systems are permitted only where it is imprac- 
tical to provide heat. Preaction systems should be considered 
for rack storage occupancies that are unheated, particularly 
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where in-rack sprinklers are installed or for those occupancies 
that are highly susceptible to water damage. 


A.12.6 The reasons for using larger orifice sprinklers in 
storage situations are based on a number of fire tests in 
recent years that continue to show an advantage of the 
larger orifice [K-11.2 (161) and K-16.8 (242)] sprinklers 
over the K-5.6 (80) and even the K-8 (115) orifice sprin- 
klers. Following are four sets of fire test comparisons using 
constant densities. /See Table A.12.6(a) and Table A.12.6(b).] 


Table A.12.6(a) Ceiling Type 


Sprinkler Size of 
Distance Fire 
Below Time to at 
Ceiling Ceiling Activation Activation 
Fire Type Type (in.) (seconds) (Btu/s) 
Insulated deck 1 76 450 
Steel 1 97 580 
Fast- Wood 1 71 420 
growing Insulated deck 12 173 1880 
fire Steel 12 176 1930 
Wood 12 172 1900 
Insulated deck 1 281 220 
Slow- Steel 1 375 390 
: Wood 1 268 200 
aoe Insulated deck 12 476 630 
Steel 12 492 675 
Wood 12 473 620 
Table A.12.6(b) Ceiling Arrangement 
Time to Fire Size 
Activate at Time of 
Sprinkler Activation 
Situation Fire (seconds) (Btu/s) 


86to113 585 
172 to 176 1880 to 1900 


Ceiling with pocket Fast 

Sprinkler 12 in. below Fast 
ceiling 

Ceiling with pocket Slow 288 to 395 490 

Sprinkler 12 in. below Slow 473 to 492 620 to 675 
ceiling 


(1) K-5.6 vs. K-11.2 


(a) Commodity — idle wood two-way pallets 
(b) 2 stacks x 3 stacks x 8 ft high 

(c) Ceiling height — 30 ft 

(d) Density — constant 0.30 gpm/ft? 

(e) Test #1 — 165°F rated, K-11.2 sprinklers 
(f) Test #2 — 165°F rated, K-5.6 sprinklers 
(g) Test #1 results — 4 A.S. operated 


(h) Test #2 results — 29 A.S. operated, less fire control 
and greater temperatures 
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(2) K-8.0 vs. K-11.2 vs. K-16.8 


(a) Commodity — idle wood four-way pallets 

(b) Two stacks x three stacks x 12 ft high 

(c) Ceiling height — 30 ft 

(d) Density — constant 0.6 gpm/ft? 

(e) Test #1 — 286°F rated, K-8 sprinklers 

(f) Test #2 — 165°F rated, K-11.2 sprinklers 

(g) Test #3 — 165°F rated, K-16.8 sprinklers 

(h) Test #1 results — 10 A.S. operated, 658°C maximum 
steel temperature, fire spread to all sides 

(i) Test #2 results — 13 A.S. operated, 94°C maximum 
steel temperature, fire spread to three sides 

(j) Test #3 results — 6 A.S. operated, 54°C maximum 
steel temperature, fire spread (just reached) one side 

(3) K-5.6 vs. K-16.8 


(a) Commodity — FMRC standard plastic commodity 
rack style 9 ft high 

(b) Ceiling height — 30 ft 

(c) Density — 0.45 gpm/ ft? 

(d) Test #1 — K-5.6 orifice sprinklers 

(e) Test #2 — K-16.8 orifice sprinklers 

(f) Test #1 results — 29 A.S. operated, 14 pallet loads 
consumed 

(g) Test #2 results — 5 A.S. operated, 2 pallet loads 
consumed 

(4) K-8.0 vs. K-16.8 

(a) Commodity — FMRC standard plastic commodity 
rack stage 14 ft high 

(b) Ceiling height — 25 ft 

(c) Density — 0.60 gpm/ft? 

(d) Test #1 — K-8.0 sprinklers 

(e) Test #2 — K-16.8 sprinklers 

(f) Test #1 results — 29 A.S. operated, 25 pallet loads 
consumed 

(g) Test #2 results — 7 A.S. operated, 4 pallet loads 
consumed 


On an equal density basis, the fire test comparisons show 
the advantage of the larger orifices. A possibly even bigger 
advantage can be seen when investigating the performance of 
larger orifice sprinklers in the real world condition of high 
initial operating pressures. 

The volume of water discharged through the larger 
K-factor for the initial sprinklers has three significant effects: 


Table A.12.6(c) Paper Product Testing Results 


(1) First, the increase in sheer volume flowing through the 
larger orifice enhances performance. For example, a 165 psi 
initial operating pressure would provide 102.8 gpm from a 
K-8, while the K-16.8 will discharge 215.8 gpm. 

(2) Second, fire testing at high pressures (100+ psi) with K-5.6 
and K-8 (when high fire updrafts occur) has shown less 
water penetration and more sprinkler skipping. When 
fire testing the K-11 and K-16.8 sprinklers at 100+ psi, 
more water penetration is evident and little or no sprin- 
kler skipping has occurred. 

(3) Third, with such high initial discharge rates among K-16.8 
sprinklers, the friction loss in the supply pipes would be 
greater. This would result in lower initial pressures than a 
K-8 as well as being farther down the water supply curve 
with greater flows resulting in lower initial operating 
pressures. 


Figure A.12.6 highlights the differences between the K-8 
and K-16.8 initial operating pressures. 


Pressure 
(psi) 


Available pressure with one K-8 sprinkler activated 
165 fi. 


y Available pressure with one K-16.8 sprinkler activated 


Water supply curve 


100 


0 500 1000 
Flow (gpm) 


FIGURE A.12.6 Available Pressure Comparison. 


The higher flow rate of the K-16.8 sprinkler results in greater 
friction losses in the initial operating heads as compared to the 
K-8. Combined with the lower pressure available on the water 
supply curve, the end result is a self-regulating orifice size allow- 
ing greater initial pressures without a negative impact. 

Table A.12.6(c) summarizes the paper product testing. 

The results: The tests indicated that even at a high tempera- 
ture of 286°F, the K-8 sprinklers operating at higher pressures 


Test Date 

3/25/98 3/18/98* 4/4/98 6/4/98" 
Sprinklers K-8 K-8 K-11 K-16.8 
Temperature 286°F 286°F 165°F 155°F 
Storage Type 4 tier pyramid 5 tier pyramid 4 tier pyramid 5 tier pyramid 
Storage Height 16 ft 22 ft 16 ft 22 ft 
Ceiling Height 30 ft 31 ft 30 ft 31 ft 
Sprinkler Flow Pressure 22.6 psi 175 psi 11.9 psi 130 psi 
Number of Operated Sprinklers 15 2 10 2 
Peak Gas Temperature = 868°F = 424°F 
Peak Steel Temperature — 421°F — 113°F 
Fire Spread Across Aisle (30 in.) N/A Yes N/A No 


*This test was run with a fire brigade response of 20:00 minutes. 
"This test was run with a fire brigade response of 7:00 minutes. 
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were not effective in controlling the fire. Conversely, the K-16.8 
was able to control the fire at the lower temperature [155°F 
(68°C) ], by operating sooner, and at lower, self-regulating flow- 
ing pressures. 

Conclusions: The larger K-factor of the K-16.8 is not af- 
fected by high initial operating pressures. In fact, the protec- 
tion is enhanced, providing better fire protection. 

The ability to use lower rated temperatures, such as 155°F 
(68°C) in lieu of 286°F (141°C), shows that the performance 
of the initial operating sprinklers is effective in controlling the 
fire. Therefore, using high-temperature heads to reduce the 
number of surrounding rings of sprinklers to open is not nec- 
essary when using the K-16.8 technology. 

In short, the K-16.8 proved highly effective when subjected 
to high initial operating pressures. 


A.12.6.4 Modification of an existing system includes extend- 
ing sprinkler protection into adjacent areas. 


A.12.7.2 When a light hazard occupancy, such as a school, 
contains separate ordinary hazard storage rooms no more 
than 400 ft? (37.2 m”), the hose stream demand would be that 
required for a light hazard occupancy. 


A.12.7.2(3) When a light hazard occupancy, such as a school, 
contains separate ordinary hazard rooms no more than 400 ft? 
(37.2 m”), the hose stream allowance and water supply dura- 
tion would be that reguired for a light hazard occupancy. 


A.12.8.1 Where tanks serve sprinklers only, they can be sized 
to provide the duration required for the sprinkler system, ig- 
noring any hose stream demands. Where tanks serve some 
combination of sprinklers, inside hose stations, outside hose 
stations, or domestic/process use, the tank needs to be ca- 
pable of providing the duration for the equipment that is fed 
from the tank, but the demands of equipment not connected 
to the tank can be ignored. Where a tank is used for both 
domestic/process water and fire protection, the entire dura- 
tion demand of the domestic/process water does not need to 
be included in the tank if provisions are made to segregate the 
tank so that adequate fire protection water is always present or 
if provisions are made to automatically cut off the simulta- 
neous use in the event of fire. 


A.12.8.2 Where pumps serve sprinklers only, they can be 
sized to provide the flow required for the sprinkler system, 
ignoring any hose stream demands. Where pumps serve some 
combination of sprinklers, inside hose stations, or outside 
hose stations, the pump needs to be capable of providing the 
flow for the equipment that is fed from the pump, but the 
demands of equipment not connected to the pump can be 
ignored. 


A.12.9.2(4) Composite wood joists are not considered solid 
wood joists for the purposes of this section. Their web mem- 
bers are too thin and easily penetrated to adequately compart- 
menta fire in an unsprinklered space. Application of this item 
is not affected by the depth of the joist channel except in 
determining the volume. The concealed space above the insu- 
lation can be an attic, roof space, or floor space within a floor 
assembly. 


A.12.9.2(10) The gypsum board (or equivalent material) 
used as the firestopping will compartment the concealed 
space and restrict the ability for fire to spread beyond 160 ft? 
(4.5 m?) zones covering multiple joist channels. 


A.12.10.1 This subsection allows for calculation of the sprin- 
klers in the largest room, so long as the calculation produces 
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the greatest hydraulic demand among selection of rooms and 
communicating spaces. For example, in a case where the larg- 
est room has four sprinklers and a smaller room has two sprin- 
klers but communicates through unprotected openings with 
three other rooms, each having two sprinklers, the smaller 
room and group of communicating spaces should also be cal- 
culated. 


Corridors are rooms and should be considered as such. 


Walls can terminate at a substantial suspended ceiling and 
need not be extended to a rated floor slab above for this sec- 
tion to be applied. 


A.12.11 Detection systems, concentrate pumps, generators, 
and other system components that are essential to the opera- 
tion of the system should have an approved standby power 
source. 


Where high-expansion foam is contemplated as the protec- 
tion media, consideration should be given to possible damage 
to the commodity from soaking and corrosion. Consideration 
also should be given to the problems associated with the re- 
moval of the foam after discharge. 


A.12.12 Idle pallet storage introduces a severe fire condition. 
Stacking idle pallets in piles is the best arrangement of com- 
bustibles to promote rapid spread of fire, heat release, and 
complete combustion. After pallets are used for a short time in 
warehouses, they dry out and edges become frayed and splin- 
tered. In this condition, they are subject to easy ignition from 
a small ignition source. Again, high piling increases consider- 
ably both the challenge to sprinklers and the probability of 
involving a large number of pallets when fire occurs. There- 
fore, it is preferable to store pallets outdoors where possible. 


A fire in stacks of idle plastic or wood pallets is one of the 
greatest challenges to sprinklers. The undersides of the pallets 
create a dry area on which a fire can grow and expand to other 
dry or partially wet areas. This process of jumping to other dry, 
closely located, parallel, combustible surfaces continues until 
the fire bursts through the top of the stack. Once this hap- 
pens, very little water is able to reach the base of the fire. The 
only practical method of stopping a fire in a large concentra- 
tion of pallets with ceiling sprinklers is by means of prewetting. 
In high stacks, this cannot be done without abnormally high 
water supplies. The storage of empty wood pallets should not 
be permitted in an unsprinklered warehouse containing other 
storage. 


A.12.12.1.1 Table A.12.12.1.1 gives recommended clearances 
between outside idle wood pallet storage and a building. If 
plastic pallets are stored outdoors, consideration should be 
given to the anticipated radiated heat produced by the mate- 
rials used to construct the pallet to establish the appropriate 
separation distance. 


A.12.12.1.2 No additional protection is necessary, provided 
the requirements of 12.12.1.2 are met. 


A.14.1.3 Appropriate area/ density, other design criteria, and 
water supply reguirements should be based on scientifically 
based engineering analyses that can include submitted fire 
testing, calculations, or results from appropriate computa- 
tional models. 

Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinklered properties, which 
have various causes, there should be an adeguate water supply 
available for fire department use. 
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Table A.12.12.1.1 Recommended Clearance Between Outside Idle Wood Pallet Storage and Building 
Minimum Distance of Wall from Storage of 
Under 50 

Wall Construction Pallets 50 to 200 Pallets Over 200 Pallets 

Wall Type Openings ft m ft m ft m 

Masonry None 0 0 0 0 0 0 
Wired glass with outside 0 0 10 3.1 20 6.1 

sprinklers 
and I-hour doors 
Wired or plain glass with 10 3.1 20 6.1 30 9.1 
outside sprinklers and Y4-hour 
doors 

Wood or metal with outside sprinklers 10 3.1 20 6.1 30 9.1 
Wood, metal, or other 20 6.1 30 9.1 50 15.2 


Notes: 


(1) Fire-resistive protection comparable to that of the wall also should be provided for combustible eaves 


lines, vent openings, and so forth. 


(2) Where pallets are stored close to a building, the height of storage should be restricted to prevent burning 


pallets from falling on the building. 


(3) Manual outside open sprinklers generally are not a reliable means of protection unless property is 


attended to at all times by plant emergency personnel. 
(4) Open sprinklers controlled by a deluge valve are preferred. 


A.14.2 The following procedure should be followed in deter- 
mining the proper density and area as specified in Chapter 12: 


(1) Determine the commodity class. 

(2) Select the density and area of application. 

(3) Adjust the required density for storage height. 

(4) Increase the operating area by 30 percent where a dry 
pipe system is used. 

(5) Satisfy the minimum densities and areas. 

Example: Storage— greeting cards in boxes in cartons on 

pallets 

Height — 22 ft (6.7 m) 

Clearance — 6 ft (1.8 m) 

Sprinklers — ordinary temperature 

System type — dry 

(a) Classification — Class HI 

(b) Selection of density/area — 0.225 gpm/ ft? (9.2 mm/ 
min) over 3000 ft? (279 m?) 

(c) Adjustment for height of storage — 1.15 x 0.225 gpm/ 

ft? (9.17 mm/min) = 0.259 gpm/ft? (10.553 mm/min), 

rounded up to 0.26 gpm/ft? (10.6 mm/min) 

Adjustment of area of operation for dry system — 

1.3 x 3000 ft? (279 m?) = 3900 ft? (363 m?) 

Confirmation that minimum densities and areas have 

been achieved 


(d) 
(e) 


The minimum design density for a dry sprinkler system is 
0.15 gpm/ft? over 2600 ft? (6.1 mm/min over 242 m”) for 
Class III. 

The corresponding minimum density at 3000 ft? (279 m?) is 
0.17 gpm/ft? (6.9 mm/min) (satisfied); 1.3 x 3000 ft? = 3900 ft? 
(363 m”), 0.17 gpm/ft? (6.9 mm/min) over 3900 ft? (363 m?). 

The design density and area of application equals 0.26 gpm/ 
ft? over 3900 ft? (10.6 mm/min over 363 m°). 


A.14.2.1(3) Full-scale tests show no appreciable difference in 
the number of sprinklers that open for either nonencapsu- 
lated or encapsulated products up to 15 ft (4.6 m) high. Test 
data are not available for encapsulated products stored higher 
than 15 ft (4.6 m). However, in rack storage tests involving 
encapsulated storage 20 ft (6.1 m) high, increased protection 
was needed over that for nonencapsulated storage. 


The protection specified contemplates a maximum of 10 ft 
(3 m) clearances from top of storage to sprinkler deflectors 
for storage heights of 15 ft (4.6 m) and higher. 


A.15.1.2 An evaluation for each field situation should be 
made to determine the worst applicable height-clearance re- 
lationship that can be expected to appear in a particular case. 
Fire tests have shown that considerably greater demands occur 
where clearance is 10 ft (3.1 m) as compared to 3 ft (0.9 m) 
and where a pile is stable as compared to an unstable pile. 
Since a system is designed for a particular clearance, the sys- 
tem could be inadequate when significant areas do not have 
piling to the design height and larger clearances exist between 
stock and sprinklers. This can also be true where the packag- 
ing or arrangement is changed so that stable piling is created 
where unstable piling existed. Recognition of these conditions 
is essential to avoid installation of protection that is inad- 
equate or becomes inadequate because of changes. 


No tests were conducted simulating a peaked roof configura- 
tion. However, it is expected that the principles of Chapter 12 still 
apply. The worst applicable height-clearance relationship that 
can be expected to occur should be found, and protection 
should be designed for it. If storage is all at the same height, the 
worst height-clearance relationship creating the greatest water 
demand would occur under the peak. If commodities are stored 
higher under the peak, the various height-clearance relation- 
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ships should be tried and the one creating the greatest water 
demand used for designing protection. 


A.15.2 The densities and area of application have been devel- 
oped from fire test data. Most of these tests were conducted 
with K-8 orifice sprinklers and 80 ft? or 100 ft? (7.4 m° or 
9.3 m”) sprinkler spacing. These and other tests have indi- 
cated that, with densities of 0.4 gpm/ft? (16.3 mm/min) and 
higher, better results are obtained with K-8 orifice and 70 ft? to 
100 ft? (7.4 m? to 9.3 m?) sprinkler spacing than where using 
K-5.6 orifice sprinklers at 50 ft? (4.6 m°) spacing. A discharge 
pressure of 100 psi (6.9 bar) was used as a starting point on 
one of the fire tests. It was successful, but has a 1% ft (0.5 m) 
clearance between the top of storage and ceiling sprinklers. A 
clearance of 10 ft (3 m) could have produced a different result 
due to the tendency of the higher pressure to atomize the 
water and the greater distance that the fine water droplets had 
to travel to the burning fuel. 

Table A.15.2 explains and provides an example of the 
method and procedure to follow in using this standard to de- 
termine proper protection for Group A plastics. 


Table A.15.2 Metric Conversion Factors for Examples 


To Convert from to Multiply by 
feet (ft) meters (m) 0.3048 
square feet (ft?) square meters (m°) 0.0929 
gallons/minute (gpm) _ liters/second (L/sec) 0.0631 
gallons per minute per millimeters per 40.746 


minute (same as 
liters per minute 
per square meter) 
(mm/min) 


square foot 


(gpm/ft*) 


Example 1. Storage is expanded, cartoned, stable, 15 ft (4.6 m) 
high in a 20 ft (6.1 m) building. 

Answer I. Column E of Table 15.2.6(a) — Design density is 
0.45 gpm/ft? (18.3 mm/min). 

Example 2. Storage is nonexpanded, unstable, 15 ft (4.6 m) 
high in a 20 ft (6.1 m) building. 

Answer 2. Column A of Table 15.2.6(a) — Design density is 
listed as 0.25 gpm/ ft? (10.2 mm/min); however, it is also possible 
that the storage can be 12 ft (3.66 m) in this 20 ft (6.1 m) build- 
ing, which would require a design density of 0.3 (12.2 mm/min). 
Unless the owner can guarantee that the storage will always be 
15 ft (4.6 m), the design density = 0.3 gpm/ft? (12.2 mm/min). 

Example 3. Storage is a nonexpanded, stable 15 ft (4.6 m) 
fixed-height unit load, one high, in an 18 ft (5.5 m) building. 

Answer 3. Column A of Table 15.2.6(a) — Design density is 
0.25 gpm/ft? (10.2 mm/min). Note that this design density 
does not increase to 0.3 gpm/ft? (12.2 mm/min) as in the 
previous example because of the use of a fixed-height unit 
load. The storage height will never be 12 ft (3.66 m). It will 
always be 15 ft (4.6 m). 

Example 4. Storage is expanded, exposed, unstable, 20 ft 
(6.1 m) high in a 27 ft (8.2 m) building. 

Answer 4. Column C of Table 15.2.6(a) — Design density 
is 0.7 gpm/ft? (28.5 mm/min). Note that other lower stor- 
age heights should also be checked, but they reveal the 
same, or lower, densities [0.7 gpm/ft? and 0.6 gpm/ft? 
(28.5 mm/min and 24.5 mm/min) ], so the design density 
remains at 0.7 gpm/ft? (28.5 mm/min). 
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Example 5. Storage is expanded, cartoned, unstable, 17 ft 
(5.2 m) high in 32 ft (9.75 m) building. 

Answer 5. Column D of Table 15.2.6(a) — 15 ft (4.6 m) 
storage in a 32 ft (9.75 m) building would be 0.55 gpm/ft? 
(22.4 mm/min); 20 ft (6.1 m) storage in a 32 ft (9.75 m) build- 
ing would be 0.7 gpm/ft? (28.5 mm/min). Interpolation for 
17 ft (5.2 m) storage is as follows: 


0.7-0.55 = 0.15 
015 _ 903 
(20-15) 


0.03 x (17 —15) = 0.06 
0.55 40.06 = 0.61 


Design density = 0.61 gpm/ft” (24.9 mm/min) 

Example 6. Storage is expanded, exposed, stable, 22 ft (6.71 m) 
high in a 23% ft (7.16 m) building. 

Answer 6. Column B of Table 15.2.6(a) — Could interpolate 
between 0.6 gpm/ft? and 0.75 gpm/ft? (24.5 mm/min and 
30.6 mm/min); however, this would be a moot point since the 
density for 15 ft (4.6 m) storage in this 234% ft (7.16 m) build- 
ing would be 0.8 gpm/ft? (32.6 mm/min). Unless the owner 
can guarantee 22 ft (6.71 m) storage, the design density is 
0.8 gpm/ft” (32.6 mm/min). If the owner can, in a manner 
acceptable to the authority having jurisdiction, guarantee 22 ft 
(6.71 m) storage, the interpolation would yield a design den- 
sity of 0.66 gpm/ft? (26.9 mm/min). 

Example 7. Storage is nonexpanded, stable, exposed, 1316 ft 
(4.1 m) high in a 15 ft (4.6 m) building. 

Answer 7. Column E of Table 15.2.6(a) — 12 ft (3.66 m) stor- 
age in a 15 ft (4.6 m) building would be extra hazard, Group 2 
[0.4 gpm/ft? over 2500 ft? (16.3 mm/min over 230 m°)]. 

Storage 15 ft (4.6m) high in a 15 ft (4.6 m) building would be 
0.45 gpm/ft? (18.3 mm/min). Interpolation for 13% ft (4.1 m) 
storage is as follows: 


0.45 —0.4 = 0.05 
005 ang 
(15-12) 


0.017 x (13.5 —12) = 0.026 
0.440.026 = 0.426 


Design density = 0.426 gpm/ft? (17.4 mm/min) 


A.15.2.2 Two direct comparisons between ordinary 
temperature- and high temperature-rated sprinklers are pos- 
sible, as follows: 


(1) With nonexpanded polyethylene 1 gal (3.8 L) bottles in 
corrugated cartons, a 3 ft (0.9 m) clearance, and the same 
density, approximately the same number of sprinklers op- 
erated (nine at high temperature versus seven at ordinary 
temperature) 

(2) With exposed, expanded polystyrene meat trays, a 9.5 ft 
(1.9 m) clearance, and the same density, three times as 
many ordinary temperature-rated sprinklers operated as 
did high temperature-rated sprinklers (11 at high tem- 
perature versus 33 at ordinary temperature) 


The cartoned plastics requirements of this standard are 
based to a great extent on test work that used a specific com- 
modity — 16 oz (0.473 L) polystyrene plastic jars individually 
separated by thin carton stock within a large corrugated car- 
ton [3% ft? (0.32 m?)]. [See Figure A. 15.2.2(a).] 
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Exposed 
plastics 


FIGURE A.15.2.2(a) Corrugated Carton Containing Indi- 
vidually Separated Plastic Jars. 


Other Group A plastic commodities can be arranged in 
cartons so that they are separated by multiple thicknesses of 
carton material. In such arrangements, less plastic becomes 
involved in the fire at any one time. This could result in a less 
vigorous fire that can be controlled by Class IV commodity 
protection. 

Other situations exist in which the plastics component is 
surrounded by several layers of less hazardous material and is 
therefore temporarily protected or insulated from a fire in- 
volving adjacent plastic products. Such conditions also could 
produce a less vigorous fire and be successfully handled by 
Class IV protection. [See Figure A. 15.2.2(b).] 


i 


Small pieces 
of plastic in 
small cartons 


SEMU 


“ 


FIGURE A.15.2.2(b) Corrugated Carton Containing Plastic 
Pieces Individually Separated by Carton Material. 


The decision to protect as a Class IV commodity, however, 
should be made only based on experienced judgment and 
only with an understanding of the conseguences of underpro- 
tecting the storage segment. 


A.15.2.3 There are few storage facilities in which the com- 
modity mix or storage arrangement remains constant, and a 
designer should be aware that the introduction of different 
materials can change protection requirements considerably. 
Design should be based on higher densities and areas of appli- 
cation, and the various reductions allowed should be applied 
cautiously. For evaluation of existing situations, however, the 
allowances can be guite helpful. 


A.15.2.6 Test data are not available for all combinations of 
commodities, storage heights, and clearances. Some of the 
protection criteria in this standard are based on extrapola- 
tions of test data for other commodities and storage configu- 
rations, as well as available loss data. 


For example, there are very limited test data for storage of 
expanded plastics higher than 20 ft (6.1 m). The protection 
criteria in this standard for expanded plastics higher than 20 ft 
(6.1 m) are extrapolated from test data for expanded plastics 
storage 20 ft (6.1 m) and less in height and test data for unex- 
panded plastics above 20 ft (6.1 m). 


Further examples can be found in the protection criteria for 
clearances up to 15 ft (4.6 m). Test data are limited for clearances 
greater than 10 ft (3.1 m). It should be assumed that, if protec- 
tion is adequate for a given storage height in a building of a given 
height, the same protection will protect storage of any lesser 
height in the same building. For example, protection adequate 
for 20 ft (6.1 m) storage in a 30 ft (9.1 m) building [10 ft (3.1 m) 
clearance] would also protect 15 ft (4.6 m) storage in a 30 ft 
(9.1 m) building [15 ft (4.6 m) clearance]. Therefore, the protec- 
tion criteria in Table 15.2.6(a) for 15 ft (4.6 m) clearance are 
based on the protection criteria for storage 5 ft (1.5 m) higher 
than the indicated height with 10 ft (3.1 m) clearance. 


Table 15.2.6(a) is based on tests that were conducted pri- 
marily with high temperature-rated, K-8 orifice sprinklers. 
Other tests have demonstrated that, where sprinklers are used 
with orifices greater than K-8, ordinary-temperature sprinklers 
are acceptable. 


A.15.2.9 The “up to” in Table 15.2.6(a) and Table 15.2.6(b) is 
intended to aid in the interpolation of densities between stor- 
age heights. 


A.16.1.2 The fire protection system design should consider 
the maximum storage height. For new sprinkler installations, 
maximum storage height is the usable height at which com- 
modities can be stored above the floor while the minimum 
required unobstructed space below sprinklers is maintained. 
Where evaluating existing situations, maximum storage 
height is the maximum existing storage height if space be- 
tween the sprinklers and storage is equal to or greater than 
that required. 


A.16.1.2.2 Information for the protection of Classes I, II, II, 
and IV commodities was extrapolated from full-scale fire tests 
that were performed at different times than the tests that were 
used to develop the protection for plastic commodities. It is pos- 
sible that, by selecting certain points from the tables (and after 
applying the appropriate modifications), the protection speci- 
fied by 16.2.4.1 exceeds the requirements of Section 17.2. In such 
situations, the protection specified for plastics, although less than 
that required by the tables, can adequately protect Classes I, I, 
UII, and IV commodities. 


This section also allows storage areas that are designed to 
protect plastics to store Classes I, II, HI, and IV commodities 
without a re-evaluation of fire protection systems. 


A.16.1.9 Where the ceiling is more than 10 ft (3.1 m) above 
the maximum height of storage, a horizontal barrier should 
be installed above storage with one line of sprinklers under 
the barrier for Classes I, II, and III commodities and two lines 
of sprinklers under the barrier for Class IV commodities and 
Group A plastics. In-rack sprinkler arrays should be installed as 
indicated in Table 16.3.1.1 and Figure 16.3.4.1.1.1(a) through 


Figure 16.3.4.1.1.1(j). 
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Barriers should be of sufficient strength to avoid sagging 
that interferes with loading and unloading operations. 

Horizontal barriers are not required to be provided above a 
Class I or Class II commodity with in-rack sprinkler arrays in ac- 
cordance with Figure 16.3.4.1.1.1(a) and Figure 16.3.4.1.1.1(b), 
provided one line of in-rack sprinklers is installed above the top 
tier of storage. 


A.16.2.1.3.1 Bulkheads are not a substitute for sprinklers in 
racks. Their installation does not justify reduction in sprinkler 
densities or design operating areas as specified in the design 
curves. 


A.16.2.1.3.2 Data indicate that the sprinkler protection cri- 
teria in Figure 16.2.1.3.2(b) through Figure 16.2.1.3.2(g) 
are ineffective, by themselves, for rack storage with solid 
shelves, if the required flue spaces are not maintained. Use 
of Figure 16.2.1.3.2(b) through Figure 16.2.1.3.2(g), along 
with the additional provisions that are required by this stan- 
dard, can provide acceptable protection. 


A.16.2.1.3.2.1 The aisle width and the depth of racks are de- 
termined by material-handling methods. The widths of aisles 
should be considered in the design of the protection system. 
Storage in aisles can render protection ineffective and should 
be discouraged. 


A.16.2.1.3.5 Appropriate area/density, other design criteria, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
fire testing, calculations, or results from appropriate computa- 
tional models. 

Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinklered properties, which 
have various causes, there should be an adequate water supply 
available for fire department use. 


A.16.2.3 ESFR sprinklers are designed to respond quickly to 
growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 

While these sprinklers are intended primarily for use in 
high-pile storage situations, this section permits their use and 
extension into adjacent portions of an occupancy that might 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 

Design parameters were determined from a series of full- 
scale fire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF.) 


A.16.2.4.2.1 Spacing of sprinklers on branch lines in racks in 
the various tests demonstrates that maximum spacing as speci- 
fied is proper. 


A.16.2.4.2.2 In-rack sprinklers at one level only for storage up 
to and including 25 ft (7.6 m) in multiple-row racks should be 
located at the tier level nearest one-half to two-thirds of the 
storage height. 


A.16.2.4.2.3 In-rack sprinklers have proven to be the most 
effective way to fight fires in rack storage. To accomplish this, 
however, in-rack sprinklers must be located where they will 
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operate early in a fire as well as direct water where it will do the 
most good. Simply maintaining a minimum horizontal spac- 
ing between sprinklers does not achieve this goal. This is be- 
cause fires in rack storage develop and grow in transverse and 
longitudinal flues, and in-rack sprinklers do not operate until 
flames actually impinge on them. To assure early operation 
and effective discharge, in-rack sprinklers in the longitudinal 
flue of open-frame racks must be located at transverse flue 
intersections. 


A.16.2.4.2.4 Where possible, it is recommended that in-rack 
sprinkler deflectors be located at least 6 in. (152.4 mm) above 
pallet loads. 


A.16.2.4.2.5 Where possible, it is recommended that in-rack 
sprinklers be located away from rack uprights. 


A.16.2.5.1.1 Slatting of decks or walkways or the use of open 
grating as a substitute for automatic sprinkler thereunder is 
not acceptable. 


In addition, where shelving of any type is employed, it is for 
the basic purpose of providing an intermediate support be- 
tween the structural members of the rack. As a result, it be- 
comes almost impossible to define and maintain transverse 
flue spaces across the rack as required. 


A.16.3.1.1 Water demand for storage height over 25 ft (7.6 m) 
on racks without solid shelves separated by aisles at least 4 ft 
(1.2 m) wide and with more than 10 ft (3.1 m) between the top of 
storage and the sprinklers should be based on sprinklers in a 
2000 ft? (186 m”) operating area for double-row racks and a 
3000 ft? (278.7 m°) operating area for multiple-row racks dis- 
charging a minimum of 0.18 gpm/ft? (7.33 mm/min) for Class I 
commodities, 0.21 gpm/ft? (8.56 mm/min) for Classes II and III 
commodities, and 0.25 gpm/ft” (10.2 mm/min) for Class IV 
commodities for ordinary temperature-rated sprinklers or a 
minimum of 0.25 gpm/ft” (10.2 mm/min) for Class I commodi- 
ties, 0.28 gpm/ft? (11.41 mm/min) for Classes II and III com- 
modities, and 0.32 gpm/ ft? (13.04 mm/min) for Class IV com- 
modities for high temperature-rated sprinklers. (See A. 16.1.9 and 
A.16.3.4.1.3.) 


Where such storage is encapsulated, ceiling sprinkler den- 
sity should be 25 percent greater than for nonencapsulated 
storage. 

Data indicate that the sprinkler protection criteria in 
16.3.1.1 are ineffective, by themselves, for rack storage with 
solid shelves if the required flue spaces are not maintained. 
Use of 16.3.1.1, along with the additional provisions that are 
required by this standard, can provide acceptable protection. 


A.16.3.3 ESFR sprinklers are designed to respond quickly to 
growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 


While these sprinklers are intended primarily for use in 
high-pile storage situations, this section permits their use and 
extension into adjacent portions of an occupancy that might 
have a lesser classification. 


Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 


Design parameters were determined from a series of full- 
scale fire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
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Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF.) 


A.16.3.4.1.1 Where storage tiers are not the same size on each 
side of the longitudinal flue, one side of the flue should be pro- 
tected with sprinklers at the proper elevation above the load. The 
next level of sprinklers should protect the other side of the flue 
with the sprinklers at the proper elevation above that load as 
indicated in Figure A.16.3.4.1.1. The vertical spacing require- 
ments for in-rack sprinklers specified in Table 16.3.1.1 and Sec- 
tion 17.2 for plastics should be followed. 


| jo 
Is 


Elevation View 


FIGURE A.16.3.4.1.1 Placement of In-Rack Sprinkler Where 
Rack Levels Have Varying Heights. 


A.16.3.4.1.2 In single-row racks with more than 10 ft (3.1 m) 
between the top of storage and the ceiling, a horizontal bar- 
rier should be installed above storage with one line of sprin- 
klers under the barrier. 


A.16.3.4.1.3 In multiple-row racks with more than 10 ft (3.1 m) 
between the maximum height of storage and ceiling, a horizon- 
tal barrier should be installed above storage with a level of sprin- 
klers, spaced as stipulated for in-rack sprinklers, installed directly 
beneath the barrier. In-rack sprinklers should be installed as in- 
dicated in Figure 16.3.4.1.3.1(a) through Figure 16.3.4.1.3.1(c). 

Data indicate that the sprinkler protection criteria in 
16.3.4.1.3 are ineffective, by themselves, for rack storage with 
solid shelves if the reguired flue spaces are not maintained. 
Use of Table 16.3.1.2, along with the additional provisions that 
are reguired by this standard, can provide acceptable protec- 
tion. 


A.16.3.4.2.4 In-rack sprinklers have proven to be the most 
effective way to fight fires in rack storage. To accomplish this, 
however, in-rack sprinklers must be located where they will 
operate early in a fire as well as direct water where it will do the 
most good. Simply maintaining a minimum horizontal spac- 
ing between sprinklers does not achieve this goal. This is be- 
cause fires in rack storage develop and grow in transverse and 
longitudinal flues, and in-rack sprinklers do not operate until 
flames actually impinge on them. To assure early operation 
and effective discharge, in-rack sprinklers in the longitudinal 
flue of open-frame racks must be located at transverse flue 
intersections. 


A.17.1.2.5 Information for the protection of Classes I, II, III, 
and IV commodities was extrapolated from full-scale fire tests 
that were performed at different times than the tests that were 
used to develop the protection for plastic commodities. It is 
possible that, by selecting certain points from the tables (and 
after applying the appropriate modifications), the protection 
specified by 16.2.4.1 exceeds the requirements of Sec- 
tion 17.2. In such situations, the protection specified for plas- 


tics, although less than that required by the tables, can ad- 
equately protect Classes I, II, INI, and IV commodities. 

This section also allows storage areas that are designed to 
protect plastics to store Classes I, II, HI, and IV commodities 
without a re-evaluation of fire protection systems. 


A.17.1.7.4 In-rack sprinklers have proven to be the most ef- 
fective way to fight fires in rack storage. To accomplish this, 
however, in-rack sprinklers must be located where they will 
operate early in a fire as well as direct water where it will do the 
most good. Simply maintaining a minimum horizontal spac- 
ing between sprinklers does not achieve this goal, because 
fires in rack storage develop and grow in transverse and longi- 
tudinal flues, and in-rack sprinklers do not operate until 
flames actually impinge on them. To ensure early operation 
and effective discharge, in-rack sprinklers in the longitudinal 
flue of open-frame racks must be located at transverse flue 
intersections. 


A.17.1.8 Where the ceiling is more than 10 ft (3.1 m) above 
the maximum height of storage, a horizontal barrier should 
be installed above storage with one line of sprinklers under 
the barrier for Classes I, II, and III commodities and two lines 
of sprinklers under the barrier for Class IV commodities and 
Group A plastics. In-rack sprinkler arrays should be installed as 
indicated in Table 16.3.1.1 and Figure 16.3.4.1.1.1(a) through 
Figure 16.3.4.1.1.1(j). 


Barriers should be of sufficient strength to avoid sagging 
that interferes with loading and unloading operations. 

Horizontal barriers are not required to be provided above a 
Class I or Class II commodity with in-rack sprinkler arrays in ac- 
cordance with Figure 16.3.4.1.1.1(a) and Figure 16.3.4.1.1.1(b), 
provided one line of in-rack sprinklers is installed above the top 
tier of storage. 


A.17.2.1.1 All rack fire tests of plastics were run with an ap- 
proximate 10 ft (3.1 m) maximum clearance between the top 
of the storage and the ceiling sprinklers. Within 30 ft (9.1 m) 
high buildings, greater clearances above storage configura- 
tions should be compensated for by the addition of more in- 
rack sprinklers or the provision of greater areas of application, 
or both. 


A.17.2.1.3 Appropriate area/density, other design criteria, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
fire testing, calculations, or results from appropriate computa- 
tional models. 

Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinklered properties, which 
have various causes, there should be an adequate water supply 
available for fire department use. 


A.17.2.3 ESFR sprinklers are designed to respond quickly to 
growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 

While these sprinklers are intended primarily for use in 
high-pile storage situations, this section permits their use and 
extension into adjacent portions of an occupancy that might 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 
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Design parameters were determined from a series of full- 
scale fire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
Protection Research Foundation. (Copies of the test reports 
are available from the NFPRE.) 


A.17.2.4.2.3 In-rack sprinklers have proven to be the most 
effective way to fight fires in rack storage. To accomplish this, 
however, in-rack sprinklers must be located where they will 
operate early in a fire as well as direct water where it will do the 
most good. Simply maintaining a minimum horizontal spac- 
ing between sprinklers does not achieve this goal. This is be- 
cause fires in rack storage develop and grow in transverse and 
longitudinal flues, and in-rack sprinklers do not operate until 
flames actually impinge on them. To assure early operation 
and effective discharge, in-rack sprinklers in the longitudinal 
flue of open-frame racks must be located at transverse flue 
intersections. 


A.17.2.5.1.1 Slatting of decks or walkways or the use of open 
grating as a substitute for automatic sprinkler thereunder is 
not acceptable. 

In addition, where shelving of any type is employed, it is for 
the basic purpose of providing an intermediate support be- 
tween the structural members of the rack. As a result, it be- 
comes almost impossible to define and maintain transverse 
flue spaces across the rack as required. 


A.17.3.1.1 In this application ordinary-, intermediate-, or 
high-temperature sprinklers can be used. There are no data to 
support temperature rating restrictions for this section. 


A.17.3.3 ESFR sprinklers are designed to respond quickly to 
growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 


While these sprinklers are intended primarily for use in 
high-pile storage situations, this section permits their use and 
extension into adjacent portions of an occupancy that might 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 

Design parameters were determined from a series of full- 
scale fire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 


Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF-.) 


A.17.3.4.1.3 Figure 17.3.4.1.3(a) — The protection area per 
sprinkler under barriers should be no greater than 80 ft? 
(7.44 me). 

Figure 17.3.4.1.3(b) — The protection area per sprinkler 
under barriers should be no greater than 80 ft? (7.44 m°). 


Figure 17.3.4.1.3(c)— The protection area per sprinkler un- 
der barriers should be no greater than 50 ft? (4.65 m3). 


Figure 17.3.4.1.3(d) — The protection area per sprinkler 
under barriers should be no greater than 50 ft? (4.65 m°). 


Figure 17.3.4. 1.3(e) — The protection area per sprinkler un- 
der barriers should be no greater than 50 ft? (4.65 m?). 


Figure 17.3.4.1.3(f)— The protection area per sprinkler un- 
der barriers should be no greater than 50 ft? (4.65 m?). 


| A.17.3.4.2.3 See A.17.2.4.2.3. 
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A.18.4 The protection criteria in Table 18.4(a) through 
Table 18.4(d) have been developed from fire test data. Protec- 
tion requirements for other storage methods are beyond the 
scope of this standard at the present time. From fire testing with 
densities of 0.45 gpm/ ft? (18.3 mm/min) and higher, there have 
been indications that large-orifice sprinklers at greater than 50 ft? 
(4.6 m?) spacing produce better results than the 4 in. (12.7 mm) 
orifice sprinklers at 50 ft? (4.6 m°) spacing. 

Table 18.4(a) and Table 18.4(c) are based on operation of 
standard sprinklers. Use of quick-response or other special 
sprinklers should be based on appropriate tests as approved by 
the authority having jurisdiction. 

The current changes to Table 18.4(a) through Table 18.4(d) 
represent test results from rubber tire fire tests performed at the 
Factory Mutual Research Center. 

Storage heights and configurations, or both [e.g., auto- 
mated material-handling systems above 30 ft (9.1 m) |, beyond 
those indicated in the table have not had sufficient test data 
developed to establish recommended criteria. Detailed engi- 
neering reviews of the protection should be conducted and 
approved by the authority having jurisdiction. 


A.19.1 This section provides a summary of the data developed 
from the tissue test series of full-scale roll paper tests conducted 
at the Factory Mutual Research Center in West Glocester, RI. 

The test building is approximately 200 ft x 250 ft [50,000 ft? 
(4.65 km?)] in area, of fire-resistive construction, and has a 
volume of approximately 2.25 million ft? (63,720 më), the 
equivalent of a 100,000 ft” (9.29 km”) building 22.5 ft (6.86 m) 
high. The test building has two primary heights beneath a 
single large ceiling. The east section is 30 ft (9.1 m) high and 
the west section is 60 ft (18.29 m) high. 

The tissue test series was conducted in the 30 ft (9.1 m) 
section, with clearances from the top of storage to the ceiling 
nominally 10 ft (3.1 m). 

Figure A.19.1 illustrates a typical storage array used in the 
tissue series of tests. 


—rft (7.9 m) ~ 


A | 
21% ft 
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FIGURE A.19.1 Plan View of Typical Tissue Storage Array. 
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The basic criteria used in judging test failure included one 
or more of the following: 


(1) Firespread to the north end of the storage array 

(2) Gas temperatures near the ceiling maintained at high lev- 
els for a time judged to be sufficient to endanger exposed 
structural steel 

(3) Fire reaching the target stacks 


Table A.19.1 outlines the tissue test results. 

Fire tests have been conducted on 20 ft (6.1 m) and 25 ft 
(7.6 m) high vertical storage of tissue with 10 ft (3.1 m) and 
5 ft (1.5 m) clear space to the ceiling in piles extending up to 
seven columns in one direction and six columns in the other 


direction. In these tests, target columns of tissue were located 
directly across an 8 ft (2.4 m) aisle from the main pile. Three 
tests were conducted using K-8.0 286°F (141°C) high- 
temperature sprinklers on a 100 ft? (9.3 m?) spacing and at 
constant pressures of 14 psi, 60 psi, and 95 psi (1 bar, 4.1 bar, 
and 6.6 bar), respectively. One test was run using 0.64 in. 
(16.3 mm) 286°F (141°C) high-temperature sprinklers on a 
100 ft? (9.3 m?) spacing at a constant pressure of 50 psi 
(3.5 bar). Two tests were conducted following a scheduled de- 
cay from an initial pressure of 138 psi (9.5 bar) to a design 
point of 59 psi (4.1 bar) if 40 sprinklers opened. The signifi- 
cant characteristic of these fire tests was the rapid initial fire- 
spread across the surface of the rolls. Ceiling temperatures 


Table A.19.1 Summary of Roll Paper Tissue Tests 


Test Number 
Test Specifications B1? B2 B3 B4 B5 B6 
Test date 10/4/79 7/23/80 7/30/80 10/15/80 7/28/82 8/5/82 
Paper type Tissue Tissue Tissue Tissue Tissue Tissue 
Stack height [ft-in. (m) ] 21-10 (6.66) 20-0 (6.1) 21-8 (21.60) 18-6 (6.64) 19-10 (6.05) 25-3 (7.69) 
Paper, banded No No No No No No 
Paper, wrapped No No No No No No 
Fuel array Standard Standard Standard Standard Standard Standard 
Clearance to ceiling 8-2 (2.49) 10-0 (3.05) 8-4 (2.54) 11-6 (3.51) 5-2 (1.58) 4-9 (1.45) 
ftin. (m) ] 
Clearance to sprinklers 7-7 (2.31) 9-5 (2.87) 7-9 (2.36) 10-9 (3.28) 4-7 (1.40) 4-2 (1.27) 
ftin. (m) ] 
Sprinkler orifice 1742 (13.5) 1742 (13.5) 1742 (13.5) 0.64 (16.33) 1742 (13.5) 1742 (13.5) 
in. (mm) | 
Sprinkler temperature rating 280 (138) 280 (138) 280 (138) 280 (138) 280 (138) 280 (138) 
F (°C)] 
Sprinkler spacing 10x10 10x10 10 x 10 10 x 10 10x 10 10 x 10 
ft x ft (m x m) | (3.05x 3.05) (3.05x 3.05) (3.05x 3.05) (3.05x 3.05) (3.05x 3.05) (3.05x 3.05) 
Water pressure 14 (0.9)° 60 (4.1) 95 (6.6) 50 (3.4) 138 (9.5) initial 138 (9.5) initial 
psi (bar) ] 102 (7.0) final 88 (6.1) final 
Moisture content of paper 9.3 9.3 10.2 6.0 8.2 9.2 
(%) 
First sprinkler operation 0:43 0:32 0:38 0:31 0:28 0:22 
(min:sec) 
Total sprinklers open 88 33 26 64 17 29 


Final flow 
[gpm (L/min) | 
Sprinkler demand area 
(ft (m*)] 

Average discharge density 
[gpm/ft? (mm/min) ] 
Maximum I-minute average 
gas temperature over 

ignition [°F (“C)| 
Duration of high 
temperature within 
acceptable limits 
Maximum I-minute average 
fire plume gas velocity 
over ignition 
[ft/sec (m/sec) ] 
Target ignited 
Extent of fire damage 
within acceptable limits 
Test duration (min) 


* Phase I test. 


2575 (9746)° 
8800 (817.5) 
0.29 (11.8) 


1680 (916) 


No 


P Phase III tests decaying pressure. 
€ Pressure increased to 50 psi (3.5 bar) at 10 minutes. 

“ Maximum steel temperature over ignition 341°F (172°C). 
“ Maximum steel temperature over ignition 132°F (56°C). 


1992 (7540) 
3300 (306.6) 
0.60 (24.4) 


1463 (795) 


Yes 


40.7 (12.4) 


Yes 
No 


20 


1993 (7544) 


2600 (241.5) 


0.77 (31.4) 


1634 (890) 


Yes 


50.2 (15.3) 


No 
Marginal 


20 


4907 (18,573) 


6400 (595) 


1363 (5159) 
1700 (158) 


0.92 (37.5) initial 
0.80 (32.6) final 
d 


2156 (8161) 
2900 (269) 


0.96 (39.1) initial 
0.74 (30.2) final 


1519 (826) 

Marginal Yes Yes 

47.8 (14.6) — — 

No No Briefly 
Marginal Yes Marginal 
25.5 45 45 
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were controlled during the decaying pressure tests and during 
the higher constant pressure tests. With the exception of the 
20 ft (6.1 m) high decaying pressure test, the extent of fire- 
spread within the pile could not be clearly established. Aisle 
jump was experienced, except at the 95 psi (6.6 bar) constant 
pressure, 20 ft (6.1 m) high decaying pressure, and large drop 
test. Water absorption and pile instability caused pile collapse 
in all tests. This characteristic should be considered where 
manually attacking a fire in tissue storage occupancies. 
Available fire experience in roll tissue storage occupancies 
does not correlate well with the constant pressure full-scale 
fire tests with respect to the number of sprinklers operating 
and the extent of firespread. Better correlation is noted with 
the decaying pressure tests. Thirteen fires reported in storage 
occupancies with storage piles ranging from 10 ft to 20 ft 
(3.1 m to 6.1 m) high and protected by wet pipe sprinkler 
systems ranging from ordinary hazard design densities to de- 
sign densities of 0.6 gpm/ft? (24.5 mm/min) were controlled 
with an average of 17 sprinklers. The maximum number of wet 
pipe sprinklers that opened was 45, and the minimum num- 
ber was 5, versus 88 and 26, respectively, in the constant pres- 
sure tests. Seventeen sprinklers opened in the 20 ft (6.1 m) 


high decaying pressure test. One actual fire in tissue storage 
provided with a dry pipe system opened 143 sprinklers but was 
reported as controlled. 


One fire test was conducted with plastic-wrapped rolls of 
heavyweight kraft paper. The on-end storage was in a standard 
configuration, 20 ft (6.1 m) high with 9% ft (2.9 m) clearance to 
ceiling sprinklers. The prescribed 0.3 gpm/ft? (12.2 mm/min) 
density controlled the firespread, but protection to roof steel was 
marginal to the point where light beams and joists might be ex- 
pected to distort. A lower moisture content in the paper as a re- 
sult of the protective plastic wrapping was considered to be the 
reason for the higher temperatures in this test as compared to a 
similar test where the rolls were not wrapped. 


A.19.1.2 Existing Systems. Sprinkler systems protecting existing 
roll paper storage facilities should be evaluated in accordance 
with Table A.19.1.2(a) and Table A.19.1.2(b). While fire can be 
controlled by the protection shown in Table A.19.1.2(a) and 
Table A.19.1.2(b), greater damage can occur when the densities 
in Table A.19.1.2(a) and Table A.19.1.2(b) are used rather than 
those specified in Table 19.1.2.1.3(a) and Table 19.1.2.1.3(b). 


Table A.19.1.2(a) Automatic Sprinkler System Design Criteria — Spray Sprinklers 
for Existing Storage Facilities (Discharge densities are gpm/ft? over ft.) 


Heavyweight Mediumweight 

Storage Closed Array Standard Array Open Array Closed Array Standard Array Open Array 

Height | Clearance Banded or Banded or Banded or 
(ft) (ft) Unbanded Banded Unbanded Banded Unbanded Unbanded Banded Unbanded Unbanded 
10 <5 0.2/2000 0.2/2000 0.2/2000 | 0.25/2000 | 0.25/2000 0.2/2000 0.25/2000 0.3/2000 0.3/2000 
10 »5 0.2/2000 0.2/2000 0.2/2000 | 0.25/2500 | 0.25/2500 0.2/2000 0.25/2000 0.3/2000 0.3/2000 
15 <5 0.25/2000 0.25/2000 | 0.25/2500 | 0.3/2500 0.3/3000 0.25/2000 0.3/2000 0.45/2500 0.45/2500 
15 »5 0.25/2000 0.25/2000 | 0.25/2500 | 0.3/3000 0.3/3500 0.25/2000 0.3/2500 0.45/3000 0.45/3000 
20 <5 0.3/2000 0.3/2000 0.3/2500 | 0.45/3000 | 0.45/3500 0.3/2000 0.45/2500 0.6/2500 0.6/2500 
20 »5 0.3/2000 0.3/2500 0.3/3000 | 0.45/3500 | 0.45/4000 0.3/2500 0.45/3000 0.6/3000 0.6/3000 
25 <5 0.45/2500 0.45/3000 | 0.45/3500 | 0.6/2500 0.6/3000 0.45/3000 0.6/3000 0.75/2500 0.75/2500 
25 »5 0.45/3000 0.45/3500 | 0.45/4000 | 0.6/3000 0.6/3500 0.45/3500 0.6/3500 0.75/3000 0.75/3000 
30 <5 0.6/2500 0.6/3000 0.6/3000 | 0.75/2500 | 0.75/3000 0.6/4000 0.75/3000 0.75/3500 0.75/3500 


Note: Densities or areas, or both, can be interpolated between any 5 ft storage height increment. 


Table A.19.1.2(b) Automatic Sprinkler System Design Criteria — Spray Sprinklers 
for Existing Storage Facilities (Discharge densities are mm/min over m?.) 


Heavyweight Mediumweight 

Closed Array Standard Array Open Array Closed Array Standard Array Open Array 

Storage Height Banded or Banded or Banded or 
(m) Clearance (m) Unbanded Banded |Unbanded | Banded | Unbanded Unbanded Banded Unbanded Unbanded 
3.1 <1.5 0.76/185.8 10.76/185.8 |0.76/185.8 |0.95/185.8 | 0.95/185.8 0.76/185.8 0.95/185.8 12.2/185.8 12.2/185.8 
3.1 >1.5 0.76/185.8 10.76/185.8 |0.76/185.8 |0.95/232.3 | 0.95/232.3 0.76/185.8 0.95/185.8 12.2/185.8 12.2/185.8 
4.6 <1.5 0.95/185.8  |0.95/185.8 |0.95/232.3 |12.2/232.3 | 12.2/278.7 0.95/185.8 12.2/185.8 18.3/232.3 18.3/232.3 
4.6 SL5 0.95/185.8 — |0.95/185.8 10.95/232.3 |12.2/278.7 | 12.2/325.2 0.95/185.8 12.2/232.3 18.3/278.7 18.3/278.7 
6.1 81.5 12.2/185.8 |12.2/185.8 |12.2/232.3 (18.3/278.7 | 18.3/325.2 12.2/185.8 18.3/232.3 | 24.5/232.3 24.5/232.3 
6.1 21.5 12.2/185.8 |12.2/232.3 |12.2/278.7 |18.3/325.2 | 18.3/371.6 12.2/232.3 18.3/278.7 | 24.5/278.7 24.5/278.7 
7.6 <1.5 18.3/232.3 |18.3/278.7 |18.3/325.2 |24.5/232.3 | 24.5/278.7 18.3/278.7 24.5/278.7 | 30.6/232.3 30.6/232.3 
7.6 21.5 183/278.7  118.3/325.2 (18.3/371.6 (24.5/278.7 | 24.5/325.2 18.3/325.2 24.5/325.2 | 30.6/278.7 30.6/278.7 
9.1 <1.5 24.5/232.3  |24.5/278.7 124.5/278.7 |30.6/232.3 | 30.6/278.7 24.5/371.6 30.6/278.7 | 30.6/325.2 30.6/325.2 


Note: Densities or areas, or both, can be interpolated between any 1.5 m storage height increment. 
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A.19.1.2.1.4 Generally, more sprinklers open in fires involv- 
ing roll paper storage protected by sprinklers rated below the 
high-temperature range. An increase of 67 percent in the de- 
sign area should be considered. 


A.20.2 Exposed, expanded plastic dunnage, instrument pan- 
els, and plastic bumper facia were the automotive components 
with their related packaging that were utilized in the fire tests. 
This test commodity used in the large-scale sprinklered fire 
test proved to be the worst challenge per the large-scale calo- 
rimeter tests of available components. See Technical Report of 


22 ft 


Ignition location 


Fire Testing of Automotive Parts in Portable Storage Racking, pre- 
pared by Underwriters Laboratories, Project 99NK29106, 
NC4004, January 5, 2001, and Commodity Hazard Comparison of 
Expanded Plastic in Portable Bins and Racking, Project 
99NK29106, NC4004, September 8, 2000. 


A.20.3 These special designs are based on fire heat release 
calorimeter tests and 11 full-scale tests conducted by the Retail 
Fire Research Coalition at Underwriters Laboratories in 2000 
and 2007. [See Figure A.20.3(a) through Figure A.20.3(f).] 


Legend: 
Q K-25.2 165°F upright-style sprinkler 
Bl Group A plastic test commodity 
Side Elevation View of Main Array 
— 


22 ft | 


12 ft 
nominal 


| 


5 ft — 


Ih 


4ft | 
Legend: 
0 K-25.2 165°F upright-style sprinkler 
Ll Group A plastic test commodity 
Front Elevation View 


FIGURE A.20.3(a) Fire Test Al. 


Ignition location 
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T Tn [o] [o] v v 

L 14 ft 1 
a See Eee 
25 ft ane BERRA 
| | BERBER 


Legend: 
Q K-25.2 165°F upright-style sprinkler 


Ll Group A plastic test commodity 


Side Elevation View of Main Array 


25 ft 


60 in. 
Legend: 
0 K-25.2 165°F upright-style sprinkler 


CJ Group A plastic test commodity 


Front Elevation View 


FIGURE A.20.3(b) Fire Test A2. 
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p 14t —— 
25 ft 
t 
Legend: 
0 K-25.2 165°F upright-style sprinkler 
L] Group A plastic test commodity nominal 12.25 in. tall 
CJ Group A plastic test commodity nominal 21 in. tall 
Side Elevation View of Main Array 
o 7 ig [o] v loj [oj 
| 14t —— 
À | 
25 ft 
15 ft + — a 
nominal D D 
2 2 hat 
o 37 in: w 
n N 
& S 
Aa Y 2 14 in. > 
Ignition location 
Legend: 
0 K-25.2 165°F QR upright-style sprinkler 
C] Group A plastic test commodity nominal 12.25 in. tall 
CJ Group A plastic test commodity nominal 21 in. tall 
Front Elevation View 
FIGURE A.20.3(c) Fire Test A3. 
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20 ft | 


13.5 ft 
nominal 


Legend: 


0 K-25.2 165°F upright-style sprinkler 
Ll Group A plastic test commodity nominal 12.25 in. tall 


CJ Group A plastic test commodity nominal 21 in. tall 
Side Elevation View of Main Array 


A 7 isi 0 fo fo] fo] 
p pati ——| 
20 ft 
y 
Ignition location 
Legend 


0 K-25.2 165°F upright-style sprinkler 
L] Group A plastic test commodity nominal 12.25 in. tall 


P Group A plastic test commodity nominal 21 in. tall 
Front Elevation View 


FIGURE A.20.3(d) Fire Test A4. 
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K 
os t=] 
o o q 
100 ft 
y 
Shelving suspended on wire uprights at 24 in., 48 in., 72 in., 96 in., and 120 in. with a wire shelf at 148 in. 
Legend: 


K-25.2 upright-style sprinkler 165°F QR, 0.55 gpm/ft? water density for first 
four sprinkler operations, then 0.49 gpm/ft? for all additional operations 


Group A plastic test commodity 


o 

O 
[ ] Class II target commodity 
8 


Ignition location 


Plan View 


FIGURE A.20.3(e) Fire Test A6 — Plan View. 
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Legend: -i 
0 K-25.2 165°F upright-style sprinkler 
C Group A plastic test commodity 
North Side Elevation View of Main Array 
ak :):,—--€ 
| —_— P 
LT DA DT DD DT DD DT DD 4 
a LT tt ttt Tt YT tT CT I 
LT IIT 
LILIES 15.5 ft 
PILI tag in, nomina 
| LILO 
| LILI) 
A mn nan | 
L Ignition eS ,| 
Legend: 


0 K-25.2 165°F upright-style sprinkler 
CJ Group A plastic test commodity 


South Side Elevation View of Main Array 


FIGURE A.20.3(f) Fire Test A6 — Main Array (North/South). 


A.20.5.6.3.5 Figure A.20.5.6.3.5(a) through Figure 
A.20.5.6.3.5(c) illustrate a typical rack layout for carton 
records storage showing the design and installation of in-rack 
sprinklers underneath the catwalks and in the transverse flues. 


A.20.6.5 Steel barriers that are shown to have eguivalent re- 
sistance to passage of flames and heat transfer in fire tests as 
solid 24 gauge steel barriers are permitted. 


A.20.7.1 See Figure A.20.7.1. 


A.21.4.1.1 Spray application operations should be located 
only in buildings that are completely protected by an ap- 
proved system of automatic sprinklers. If located in unsprin- 
klered buildings, sprinklers should be installed to protect 
spray application processes where practical. Because of the 
rapidity and intensity of fires that involve spray operations, the 


Si 2010 Edition 


available water should be ample to simultaneously supply all 
sprinkler heads likely to open in one fire without depleting 
the available water for use by hose streams. Noncombustible 
draft curtains can be used to limit the number of sprinklers 
that will open. 

Even when areas adjacent to coating operations are con- 
sidered under reasonably positive fire control by adeguate 
automatic sprinkler protection, damage is possible if opera- 
tions are conducted on floors above those containing con- 
tents that are highly susceptible to water damage. Water- 
proofing and drainage of spray room floors can assist in 
reducing water damage on floors below. The proper drain- 
age of the large volume of water freguently necessary to 
extinguish spray finishing room fires often presents consid- 
erable difficulty. (33: A.9.4] 
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FIGURE A.20.5.6.3.5(a) Typical Carton Record Storage Sprinkler Installation. 


l<—_—— 11 ft 6 in. —_» X Sprinkler on odd level 
A Sprinkler on even level 
x A x ^ x x A x A 
NY 
Transverse 
— flue 
x A x sprinkler 


10 ft 6 in| maximum 


| x K x 
10 ft 6 in. maximum —>| [e 18 in. to 24 jn. 
^A A x ^ x ^ x A x ^ 
Cartons 
-x K : 
x A x ^A x x A x ^ 
x Ä 3 


x A x A x x 
Tu o Service aisles ee 


Plan View 


FIGURE A.20.5.6.3.5(b) Plan View of Sprinkler Locations in Carton Record Storage. 
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<—— 11 ft 6 in. —> 


Notes: 


— «—18 in. to 24 in. 


| 


12 ft 0 inj maximum 


Ne 


12 ft 0 in. maximum 


(1) Sprinkler labeled 1 
located at odd levels 
1, 3, 5, 7, etc. 

(2) Sprinkler labeled 2 
located at even levels 


2, 4, 6, 8, etc. 
(3) For storage higher 
than represented, the 
cycle defined by 
Notes 1 and 2 is repeated, 
with stagger as indicated. 
(4) Symbols A and x 
indicate sprinkler on 


— Catwalk 


Cartons 


vertical horizontal stagger. 
(5) Each rack level has 
maximum 81 cartons, which 
represents a single load. 
(6) Transverse flues at 
rack uprights. 
(7) O in. to 2 in. service 
space between back- 
to-back units. 
(8) Transverse flue and 
aisle sprinklers upright 
with deflector minimum 
6 in. above storage. 


Vv — 
Service aisles 


Section View 


FIGURE A.20.5.6.3.5(c) Section View of Sprinkler Locations in Carton Record Storage. 


Subsection 21.4.1.1 lists four types of automatic sprinkler 
systems and requires that the one “most appropriate for the 
portion of the spray area being protected” be used. Generally, 
an open-head deluge system provides the highest level of pro- 
tection, given that all sprinklers in the protected area flow 
simultaneously. This type of system is most appropriate for 
large, down-draft, water-wash spray booths when protecting 
automatic electrostatic spray application zones. 

Wet pipe automatic sprinkler systems are appropriate for 
protecting spray booths that utilize nonelectrostatic applica- 
tion processes or operations using listed electrostatic applica- 
tion processes. Wet pipe systems are also generally used to 
protect exhaust plenums (eliminator or scrubber sections), 
exhaust ducts, and air recirculation filter houses. 

Dry pipe systems have been included because some ex- 
haust duct designs include sections that are subject to freez- 
ing. 

Preaction systems have been included because some spray 
application processes and equipment can be damaged by un- 
wanted water discharge. This damage can be disruptive and 
costly. Powder spray booths and solvent concentrator (air pol- 
lution abatement) systems are examples of systems where it is 
appropriate to use a preaction system. [33: A.9.4.1] 
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A.21.4.2.1 Automatic sprinklers in spray areas, including the 
interior of spray booths and exhaust ducts, should be wet pipe, 
preaction, or deluge system so that water can be placed on the 
fire in the shortest possible time. Automatic sprinklers in spray 
booths and exhaust ducts should be of the lowest practical 
temperature rating. The delay in application of water with or- 
dinary dry pipe sprinklers can permit a fire to spread so rap- 
idly that final extinguishment is difficult without large result- 
ing damage. 

The location of the sprinkler heads inside spray booths 
should be selected with care in order to avoid heads being 
placed in the direct path of spray and yet afford protection for 
the entire booth interior. When sprinkler heads are in the 
direct path of spray, even one day's operation can result in 
deposits on the sprinkler heads that insulate the fusible link or 
choke open head orifices to the extent that sprinklers cannot 
operate efficiently. 

Automatic sprinklers should also be located so that areas 
subject to substantial accumulations of overspray residue are 
protected. Generally, sprinklers are located no more than 4 ft 
(1.2 m) from side walls of booths and rooms and from dry 
overspray collectors (where applicable). Sprinklers in booths 
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23 in. transverse 
AK space 


Solid steel 
vertical barrier 
(typical) 


and backstops 


26 in. longitudinal 
flue space 


Hollow tubular 
steel uprights 
open top ends 
(typical) 


Detail (typical) 


FIGURE A.20.7.1 Typical Fixed High Bay Record Storage Structure. 


or rooms should be on extra hazard occupancy spacing of 
90 ft? (8.4 m’). 

All sprinklers in spray areas should be controlled by an 
accessible control valve, preferably an OS&Y valve. (33: A.9.4| 

Water supply reguirements for most industrial paint spray 
operations should be adeguate to supply all automatic sprin- 
klers in the spray area. Loss experience has shown that fires 
starting in the exhaust duct have spread to the spray booth 
and that fires starting in the booth have spread to the exhaust 
duct. Sprinklers or sprinkler systems protecting stacks or ducts 
should be of a type not subject to freezing. Automatic systems 
are preferred, but manual systems are also acceptable. Dry 
pendent sprinklers are often used inside buildings near ex- 
haust duct penetrations to the outside. Nonfreeze or dry-type 
sprinkler systems are often used in ducts outside buildings. 
For some industries, such as the automotive industry, manu- 
ally operated open-head systems have proven effective protec- 
tion for ducts and stacks. [33: A.9.4.6] 


A.21.5.1 Water spray or deluge systems that are used to pro- 
tect solvent extraction process equipment or structures should 
be designed to provide a density of not less than 0.25 gpm/ ft? 
(10.3 mm/min) of protected surface area. (See NFPA 13 and 
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 
for additional information.) Foam-water sprinkler or deluge 
systems that are used for the same purposes should be de- 
signed to provide a density of not less than 0.16 gpm/ft? 
(6.5 mm/min) of protected surface area. (See NFPA 13 and 
NFPA 16, Standard for the Installation of Foam-Water Sprinkler and 
Foam-Water Spray Systems, for additional information.) 

Preparation buildings should be protected with automatic 
sprinkler systems designed for ordinary hazard (Group 2), in 
accordance with NFPA 13. (36: A.4.8| 


A.21.6.1 Automatic sprinkler systems are considered to be 
effective in controlling lubricating oil fires. Sprinkler densities 
provided in this standard are based on extra hazard, Group 1 
occupancy as defined in NFPA 13. Automatic sprinkler protec- 
tion designed as local protection for the engine in many cases 
provides better protection than sprinkler protection installed 
only at the ceiling level. 

Consideration should be given to providing local protec- 
tion when the protected engine equipment is located in a high 
bay area. Delayed activation time or lack of water penetration 
could delay fire suppression from a ceiling system. 

Local protection for engines can be accomplished using 
either a wet system or a single interlock pre-action system with 
heat detection. The system piping should loop the diesel at 
the height of the engine cylinder heads. Detectors should be 
located above the engine and around the system piping. 

Because of the tight radial clearances on combustion gas 
turbines and the potential for rubbing of rotating parts and 
increased damage, it is advisable to use great care if using a 
sprinkler or water spray suppression system. Water from a ceil- 
ing or spot protection system could effectively control a fire; 
however, gaseous suppression agents could be just as effective 
without the potential for equipment damage when the system 
activates. (37: A.11.4.5.1] 


A.21.7.2.3 See Figure A.21.7.2.3. The illustration shows the 
location of sprinkler heads and the decomposition vent. 
(40: A.63] 


A.21.7.2.3.3 The arrangement of sprinklers or nozzles for 
providing distribution over the face of shelving is important 
and requires knowledge of sprinkler discharge patterns and 
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Decomposition vent 


Lights of fixed type at ceiling only; 
should be guarded 


Shelves of hardwood or 
noncombustible, insulating material 
tightly fitted to walls and barriers 


2-hr-rated 
swinging-type 
self-closing 
fire door in 
approved 
frame 


Shelves 1 in. (25 mm) wider 
than diameter of largest container 


Elevation View 


Explosion relief 
[1 ft? for 

50 ft? (0.1 m? for 
each 1.4 m°)]; 
wing walls 
provided as 
necessary 


N 


Vertical barriers of 
noncombustible, 
insulating material 


2-hr-rated sliding-type 
automatic-closing 
fire door 


Floor drain 


—r scuppers 


and pilot 
light 


Decomposition ae Shelves and barriers 
vent > (09 m) — tightly fitted to walls 


Plan View 


Spray-type fixed nozzles 


1 in. (25 mm) 


Elevation View 


FIGURE A.21.7.2.3 Standard Film Vault (for Other Than Extended Term Storage Film). [40:Figure A.6.3] 


locations. This arrangement should be done only by qualified 
personnel. [40:6.3.7.3] 


A.21.14.2.1 In facilities that are under the supervision of an 
operator or other person familiar with the equipment, during 
all periods that equipment is energized, the normal delay be- 
tween the initial outbreak of a fire and the operation of a 
sprinkler system will provide adequate time for operators to 
shut down the power by use of the emergency shutdown 
switches as prescribed in Section 10.4 of NFPA 75. In other 
instances where a fire can operate sprinkler heads before dis- 
covery by personnel, a method of automatic detection should 
be provided to automatically de-energize the electronic equip- 
ment as quickly as possible. 

To minimize damage to electronic computer equipment lo- 
cated in sprinkler-protected areas, it is important that power be 
off prior to the application of water on the fire. [75: 4.8.1.2] 


A.21.14.2.3 The use of carbon dioxide systems for the protec- 
tion of spaces beneath raised floors is discussed in Section B.5 
of NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 
wherein it is pointed out that the design of such systems re- 
quires compensation for leakage and provision for a soft dis- 
charge to minimize turbulence and agent loss through perfo- 
rated tiles. These same concerns exist for other inert gas clean 
agent systems installed in accordance with NFPA 2001, Stan- 
dard on Clean Agent Fire Extinguishing Systems. Since these spaces 
are usually of a very limited height, this type of fire suppres- 
sion system may be easier to design and install than sprinklers. 
(75: A.8.1.1.2] 


A.21.15.2.2 See Figure A.21.15.2.2(a) 
A.21.15.2.2(h). 
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FIGURE A.21.15.2.2(a) 
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Gravity Linen Chute. [82:Figure 
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Chute venting 


Air inlet 


Fire-rated enclosure 
| 
Chute intake i Air inlet damper 
door Sprinkler Station door (normally closed) 
457.2 mm x 457.2 mm N Sprinkler 
(18 in. x 18 in.) 
minimum 1% hr 14 gauge minimum 
; B label L load station with 
Offset (if necessary) BEAN "= normally closed 
inner door 
Fire-rated 
enclosure 
| 
Service opening 
room l 
Sprinkler Dara “Ha 
| 
Chute discharge 
room 
Tg 7s S.eg ae 2. 
Gravity Chute with Offset Only When Fire damper (112 hr 
Necessary by Building Conditions rated) or alternative 3 
and with Approval of AHJ protection system = _ 


FIGURE A.21.15.2.2(b) Gravity Waste Chute. [82:Figure FIGURE A.21.15.2.2(c) Full Pneumatic System. [82:Figure 
A.5.2(b) ] A.5.3(a)] 


Air inlet Air inlet Air inlet 


Pia 


| Fire-rated Fire-rated Fire-rated 
enclosure enclosure | enclosure 
Station door Li Air inlet damper Station door Air inlet damper Station door Air inlet damper 
457.2 mm x (normally closed) pe mm x (normally closed) pale mm x (normally closed) 
457.2 mm | d ; mm i mm i 
(18 in. x 18 in.) al Sprinkleg (18 in. x 18 in.) ¥ Sprinkler (18 in. x 18 in.) Sprinkler 
minimum 114 hr rT] P 53 L (14 gal) minimum 1⁄2 hr 53 L (14 gal) minimum 114 hr 53 L (14 gal) 
B label minimum load B label minimum load B label | minimum load 
A 22. station with station with Pra: 2.0 station with 
normally closed normally closed normally closed 
inner door inner door inner door 


- Fire-resistant 

cooling providing 
equal fire rating 
to shaft wall 


KANANNYA AAA S E 


Three (3) each 
74°C (165°F) fusible 
element sprinklers 
spaced 120 degrees 
apart both sides of penetration 


FIGURE A.21.15.2.2(d) Fire Damper Engineering Alternative for Penetration of Floor at Base of Shaft. [82:Figure A.5.3(b) | 
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Three (3) each 74°C (165°F) fusible 
element sprinklers spaced 120 degrees 
apart both sides of penetration 


A Fire-rated 
ye enclosure 


914mm (3ft0in) K 
maximum typical / 
/ 
Z 


` 


we Fire-rated 
Fire-resistant _ Y enclosure 
coating providing j Four (4) times 
equal fire rating ø 
to corridor wall pipe diameter 
Z minimum 


FIGURE A.21.15.2.2(e) Fire Damper Engineering Alternative 
for Penetration of Fire-Rated Enclosure. [82:Figure A.5.3(c) ] 


A.21.16.2.1 Automatic sprinkler protection should be consid- 
ered for ovens, furnaces, or related equipment if any of the 
following conditions exists: 


(1) The material being processed is combustible. 

(2) Racks, trays, spacers, or containers are combustible. 

(3) There are areas where appreciable accumulations of com- 
bustible drippings or deposits are present on the inside of 
the oven surface or on racks, trays, and so forth. 


The type of sprinklers and arrangement should be appro- 
priate to the oven arrangement, interior ductwork, and the 
material passing through the oven. [86: A.14.2.1] 


A.21.16.2.6 At elevated temperatures, galvanizing can flake 
off of pipe surfaces, and the flakes can collect at and obstruct 
the discharge of the fire suppression system. [86: A.14.3.2] 


A.21.17.1.5 More than one control station could be required in 
a compartment (lock) depending on its size. [99: A.20.2.5.2.4] 


A.21.17.1.8 Experience has shown that when water is dis- 
charged through conventional sprinkler heads into a hyper- 
baric atmosphere, the spray angle is reduced because of in- 
creased resistance to water droplet movement in the denser 
atmosphere. This is so even though the water pressure differ- 
ential is maintained above chamber pressure. Therefore, it is 
necessary to compensate by increasing the number of sprin- 
kler heads. It is recommended that spray coverage tests be 
conducted at maximum chamber pressure. 

Some chamber configurations, such as small-diameter 
horizontal cylinders, could have a very tiny “floor,” or even no 
floor at all. For horizontal cylinder chambers and spherical 
chambers, “floor level” should be taken to mean the level at V4 
diameter below the chamber centerline or actual “floor level,” 
whichever gives the larger floor area. [99: A.20.2.5.2.6] 


A.21.19.4 See A.4.11.1.3.1 of NFPA 140. (140: A.5.11.4] 
A.21.19.5 See A.4.11.1.3.1 of NFPA 140. (140: A.5.11.5] 
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Four (4) times 
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pipe diameter 
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Z Fire-resistant 

V) coating providing 
Z equal fire rating 

Z to fire-rated wall 


FIGURE A.21.15.2.2(f) Fire Damper Engineering Alternative 
for Penetration of Fire-Rated Wall. [82:Figure A.5.3(d)| 


Air inlet 


ae Fire-rated 
ee enclosure 
(normally 


closed) 


Station door 

457.2 mm x 457.2 mm 
(18 in. x 18 in.) 
minimum 1% hr B label 


53 L (14 gal) minimum 
load station with normally 
closed inner door 


Three (3) each 74°C (165°F) fusible 
element sprinklers spaced 120 degrees 
apart both sides of penetration 


FIGURE A.21.15.2.2(g) Fire Damper Engineering Alternative 
for Penetration of Wall at Base of Shaft. [82:Figure A.5.3(e)] 
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Loading door 


457.2 mm x ia 
457.2 mm , oading door 

(18 in. x 18 in.) Sprinkler 457.2 mm x 
minimum 1 hr 457.2mm NX 
B label minimum (18 in. x 18 in.) 


minimum 1 hr 
B label minimum 


Fire-rated 
enclosure 


Material damper 

with 12.7 mm 

— (Ve in.) minimum 
blade, normally 

closed except 

while transporting 


(hi in. 1 minimum blade, 
normally closed except 
while transporting £ 


Sprinkler 


Material-type fire 
damper with fusable 
link, 12.7 mm (v2 in.) 


Fire-rated 
enclosure 


Sprinkler minimum blade 


below bottom 
loading door 


Level 


detector Storage section 


Level detector 


Storage section Material damper 
| (for transport 
control) normally 
closed except 
while 


transporting 


Material damper 
with 12.7 mm 


Gravity-Vac Riser 
with No Storage 


Gravity-Vac Riser 
with Storage 


Gravity-Vac Riser 
with Open Storage Section 


FIGURE A.21.15.2.2(h) Gravity Pneumatic System. [82:Figure A.5.4] 


A.21.21.1.1.1 A deluge system provides a higher degree of pro- 
tection where water supplies are adequate. In climates that are 
subject to freezing temperatures, a deluge system minimizes the 
possibility of failure due to pipes freezing. (214: A.5.2.2.1] 


A.21.21.1.1.2 The crossflow design is such that it is difficult to 
locate sprinklers in the most desirable spots for both water 
distribution and heat detection. This situation can be solved 
by separating these two functions and using separate water 
discharge and detection systems. [214: A.5.2.2.2] 


A.21.21.1.7.1.1 Where a single deluge system protects an en- 
tire water-cooling tower, regardless of the number of cells, the 
water supply needs to be based on the entire deluge system 
coverage. (See Figure A.21.21.1.7.1.1.) (214: A.5.6.1.1] 


Single deluge 
Ke system 


“NA e 

Water supply | | 

area typical Fans typical (4 

(1) deluge } | OT ypical (4) 

system | T Cells typical (4) 
L =i 


FIGURE A.21.21.1.7.1.1 Single Deluge System. 
[214:Figure A.5.6.1.1] 


A.21.21.1.7.1.3 Deluge systems separated by fire-resistant par- 
titions can be treated independently as worst-case water supply 
situations. (See Figure A.21.21.1.7.1.3.) 1214: A.5.6.1.3] 


A.21.21.1.7.2.1 Water-cooling towers with each cell separated 
by a fire-resistant partition and protected by wet, dry, or preac- 
tion system(s) should have the water supply based on the most 
demanding individual cell. (See Figure A.21.21.1.7.2.1.) 
(214: A.5.6.2.1] 


A.21.21.1.7.2.2 Without fire-resistant partitions between 
cells, the worst-case situation involves the most demanding ad- 
joining cells. (See Figure A.21.21.1.7.2.2.) 1214: A.5.6.2.2] 


A.21.21.2.1 See Figure A.21.21.2.1(a) through Figure 
A.21.21.2.1(d). 
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Fire-resistant partitions 


—— 
Water supply area typical (3) 
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FIGURE A.21.21.1.7.1.3 Multiple Deluge Systems. 
[214:Figure A.5.6.1.3] 


rs Wet, dry, or preaction 
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Water supply area Fire-resistant partitions 


typical (1) wet, dry, or typical (3) 
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FIGURE A.21.21.1.7.2.1 Multiple Wet, Dry, or Preaction Sys- 
tems with Fire-Resistant Partitions. [214:Figure A.5.6.2.1] 


Wet, dry, or preaction 
v systems typical (4) 
P es aa ea 1 
| 
|[o[o[o [of trea 
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Non-fire-resistant 


— 
Water supply area partitions typical (3) 


typical (2) wet, dry, or 
preaction systems 


FIGURE A.21.21.1.7.2.2 Multiple Wet, Dry, or Preaction Sys- 
tems with No Fire-Resistant Partitions. [214:Figure A.5.6.2.2] 
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Heat detector over fan drive motor — -— Open sprinkler over fan drive motor 
Inspector’s 
test valve 
accessible 
from grade or 
building roof 
F 
A A 
Heat 
al detector 
H Open 
rT sprinkler 
Ye in. (12.7 mm) pilot line ee Drop to deluge valve 
Plan View 


FIGURE A.21.21.2.1(a) Plan View, Typical Deluge Fire Protection Arrangement for Counter- 
flow Towers. [214:Figure A.5.2.4.1(a)] 


Heat detector over 


i motors fan drive motor 
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effectivel 
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Section A-A 


FIGURE A.21.21.2.1(b) Section View, Typical Deluge Fire Protection Arrangement for Counter- 
flow Towers. [214:Figure A.5.2.4.1(b)1 
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If dry pipe valve is used, heat 
detectors will be eliminated 


Deluge or dry 
pipe valve 


Ye in. (12.7 am 


From F 


adeguate pilot main 
| 
“REI (deluge system 
only) 


Sprinkler over fan drive motor 


po =| ii TR NE 


Inspectors test 
valve accessible 
from grade or 
building roof 


Sprinkler 


Heat detector 


Heat detector over fan 
drive motor 


FIGURE A.21.21.2.1(c) Plan View, Typical Deluge or Dry Pipe Fire Protection 


Arrangement for Counterflow Towers. [214:Figure A.5.2.4.1(c)] 


Heat detector over fan drive motor 
Sprinkler 
Fan deck my 
motor 


Heat Upright 
detector 


KT 


Mt tt | basin 


Section A-A 


FIGURE A.21.21.2.1(d) Section View, Typical Deluge or Dry 
Pipe Fire Protection Arrangement for Counterflow Towers. 
[214:Figure A.5.2.4.1(d)] 


A.21.21.22 See Figure A.21.21.2.2(a) through Figure 
A.21.21.2.2(d). 


A.21.21.2.3 Location of the nozzle relative to surfaces to be 
protected should be determined by the particular nozzle’s dis- 
charge characteristics. Care should also be taken in the selec- 
tion of nozzles to obtain waterways not easily obstructed by 
debris, sediment, sand, and so forth, in the water. [See Fig- 
ure A.21.21.2.3(a) and Figure A.21.21.2.3(b).] 1214: A.5.2.4.3] 


A.21.21.2.5 See Figure A.21.21.2.5. 


A.21.21.2.10.2 Approved discharge devices are made of non- 
ferrous material and are corrosion-resistant to normal atmo- 


spheres. Some atmospheres require special coatings on the 
discharge devices. [214: A.5.3.2] 


A.21.21.2.10.3 Corrosion attacks the exposed metal and, in 
time, creeps under the wax coating. [214: A.5.3.3] 


A.21.22.1.1 Group A plastics represent the most challenging 
commodities that can be protected by a sprinkler system de- 
signed in accordance with this standard. Due to the widely 
varying nature of commodities that pass through transit sheds, 
container freight stations, transload facilities, and similar 
buildings used for handling and temporary storage of general 
cargo, a minimum automatic sprinkler design based upon the 
protection of Group A plastic commodity provides an appro- 
priate level of fire protection. [307: A.5.4.2.1] 


A.21.22.2.1.2.1 Examples of sprinklers that project water up- 
ward are pendent sprinklers installed in an upright position or 
old-style sprinklers. [307: A.4.3.3.1.3.1] 


A.21.22.2.1.2.1(B)(3) An example of crisscross construction 
(ties on stringers) is illustrated in Figure B.1(a) of NFPA 307, 
Standard for the Construction and Fire Protection of Marine Termi- 


nals, Piers, and Wharves. (307: A.4.3.3.1.3.1(B) (3) ] 
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FIGURE A.21.21.2.2(a) Plan View, Typical Deluge Fire Protection Arrangement 
for Crossflow Towers. [214:Figure A.5.2.4.2(a) ] 
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FIGURE A.21.21.2.2(b) Section View, Typical Deluge Fire Protection Arrangement for Cross- 
flow Towers. [214:Figure A.5.2.4.2(b)1 
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Note: Where air seal boards prevent installation of cooling tower nozzles on drift eliminator side of fill, this nozzle location should be used. 
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FIGURE A.21.21.2.2(c) Plan View, Typical Deluge Fire Protection Arrangement 
for Multicell Crossflow Towers. [214:Figure A.5.2.4.2(c)] 
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Note: Where air seal boards prevent installation of cooling tower nozzles on drift eliminator side of fill, this nozzle location should be used. 


FIGURE A.21.21.2.2(d) Section View, Typical Deluge Fire Protection Arrangement 
for Multicell Crossflow Towers. [214:Figure A.5.2.4.2(d)] 
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FIGURE A.21.21.2.3(a) Plan View, Typical Deluge Fire Protection Arrangement for 
Crossflow Towers with Completely Enclosed Distribution Basins. [214:Figure A.5.2.4.3(a) ] 
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FIGURE A.21.21.2.3(b) Section View, Typical Deluge Fire Protection Arrangement for 
Crossflow Towers with Completely Enclosed Distribution Basins. [214:Figure A.5.2.4.3(b) ] 
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FIGURE A.21.21.2.5 Typical Deluge Fire Protection Arrangement for Crossflow Towers with Covers Completely Enclosing Distri- 


bution Basins. [214:Figure A.5.2.4.5] 


A.21.22.2.1.2.1(B)(5) The use of firestops for draft control 
(e.g., to bank heat, facilitate the opening of sprinkler heads, 
and prevent the overtaxing of the sprinkler system) is particu- 
larly important in the design of sprinkler protection for com- 
bustible substructures. The fire walls and firestops of 4.3.3.4 
and 4.3.3.5 of NFPA 307 should be incorporated into the 
sprinkler system design for draft control to the maximum ex- 
tent practical; however, due to limitations in the size of the 
design area for the sprinkler system, additional firestops nor- 
mally are needed. These additional or supplemental firestops 
need only have limited fire resistance, but they should be as 
deep as possible and be of substantial construction, such as 
double 3 in. (76.2 mm) planking, where exposed to the ele- 
ments. Where not exposed to the possibility of physical dam- 
age, % in. (19.05 mm) treated plywood extending 48 in. 
(1219.2 mm) below stringers with solid blocking between 
stringers should provide adequate durability and reasonable 
effectiveness. (307: A.4.3.3.1.3.1(B) (5)] 


A.21.23.1.1 Typical configurations of cleanrooms and their 
chases and plenums create numerous areas that might be shel- 
tered from sprinkler protection. These areas can include air- 
mixing boxes, catwalks, hoods, protruding lighting, open 
waffle slabs, equipment, piping, ducting, and cable trays. Care 
should be taken to relocate or supplement sprinkler protec- 
tion to ensure that sprinkler discharge covers all parts of the 
occupancy. Care should also be taken to ensure that sprinklers 
are located where heat will be satisfactorily collected for reli- 
able operation of the sprinkler. 

Gaseous fire suppression systems are not substitutes for au- 
tomatic sprinkler protection. The large number of air changes 
in cleanrooms can cause dilution or stratification of the gas- 
eous agent. 

It is recommended that sprinkler systems be inspected at 
least semiannually by a qualified inspection service. (See 


NFPA 25, Standard for the Inspection, Testing, and Maintenance of 
Water-Based Fire Protection Systems.) The length of time between 
such inspections can be decreased due to ambient atmo- 
sphere, water supply, or local requirements of the authority 
having jurisdiction. 

Prior to taking a sprinkler system out of service, one should 
be certain to receive permission from all authorities having 
jurisdiction and to notify all personnel who might be affected 
during system shutdown. A fire watch during maintenance pe- 
riods is a recommended precaution. Any sprinkler system 
taken out of service for any reason should be returned to ser- 
vice as promptly as possible. 

A sprinkler system that has been activated should be thor- 
oughly inspected for damage and its components replaced or 
repaired promptly. Sprinklers that did not operate but were 
subjected to corrosive elements of combustion or elevated 
temperatures should be inspected and replaced if necessary, 
in accordance with the minimum replacement requirements 
of the authority having jurisdiction. Such sprinklers should be 
destroyed to prevent their reuse. (318: A.4.1.2.1] 


A.21.23.1.2.1 Examples of combustible materials that might 
be found in these spaces are as follows: 


(1) Roof, floor, wall construction materials 

(2) Unapproved HEPA or ULPA filter modules 

(3) Supply air or exhaust ducts 

(4) Air handler unit enclosures or air plenum boxes 
(5) Exposed electrical cable or pipe insulation 

(6) Plastic piping 

(7) Flammable or combustible liquid piping 


(318: A.4.1.2.5.1] 
A.21.23.1.3 Small-orifice sprinklers, & in. (9.5 mm) or larger, 


can be used. (318: A.4.1.2.6.2.1] 
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A.21.23.1.3.1 Small-orifice sprinklers, % in. (9.5 mm) or larger, 
can be used. 


A.21.23.2.1 Automatic sprinkler systems and their water sup- 
plies should be designed for maximum reliability. In the event 
of any impairments of the yard main system, sprinkler system 
lead-in(s) connections should be capable of being isolated 
and protection promptly restored through valving or inter- 
connection of automatic sprinkler systems, or both, inside the 
building. 


A.21.23.2.2 The use of quick-response sprinklers, while still 
delayed in opening by the downward airflow, would respond 
to a smaller-size fire more quickly than would conventional 
sprinklers. (Glass bulb-type quick-response sprinklers might 
be preferable to other types of quick-response sprinklers.) 
(318: A.4.1.2.2) 


A.21.23.2.3 Small-orifice sprinklers, % in. (9.5 mm) or larger, 
can be used. (318: A.4.1.2.6.2.1] 


A.21.25.1.2 The exposure to the airport terminal building 
from the airport ramp is significant. The number of building 
sprinklers operating from the exposure fire can be greater 
than from an internal ignition source. (415: A.4.5.1.5] 


A.21.25.1.3 The exposure to the airport terminal building 
from the airport ramp is significant. The number of building 
sprinklers operating from the exposure fire could be greater 
than the number of building sprinklers operating from an 
internal ignition source. 


A.21.26.1.1 Because of the nature of the test cell fire poten- 
tial, deluge systems are considered more appropriate than au- 
tomatic sprinklers due to their speed of operation and simul- 
taneous discharge of all nozzles; however, automatic 
sprinklers can be used under the following conditions: 


(1) In small cells [600 ft? (56 m°) or less] where it is likely that 
all sprinklers would fuse at the same time 

(2) As a backup to a manual water spray or other manual 
system 

[423: A.7.6.3] 


A.21.27.1.1 The water supply for the permanent fire protec- 
tion water system should be based on providing a 2-hour water 
supply for both items (1) and (2) as follows: 


(1) Either item (a) or (b), whichever is larger: 
(a) The largest fixed fire suppression system demand 
(b) Any fixed fire suppression system demand that could 
be reasonably expected to operate simultaneously 
during a single event (e.g., turbine underfloor pro- 
tection in conjunction with other fire protection sys- 
tems in the turbine area) 
(2) The hose stream demand of not less than 500 gpm 
(1892.5 L/min) 


(804: A.9.2.1] 


A.21.27.1.5 To avoid water application to hot parts or other 
water-sensitive areas and to provide adequate coverage, de- 
signs that incorporate items such as fusible element operated 
spray nozzles might be necessary. (804: A.10.8.2.1] 


A.21.27.1.6 Additional information concerning turbine gen- 
erator fire protection can be found in EPRI Research Report 
1843-2,“Turbine Generator Fire Protection by Sprinkler Sys- 
tem.” [804: A.10.8.3] 
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A.21.27.2.1.2 Acommon yard fire main loop can serve multi- 
unit nuclear power plant sites if it is cross-connected between 
units. [804: A.9.4.4] 


A.21.29.1 Sprinkler System Discharge Criteria for Electric 
Generating Plants and High-Voltage Direct Current Converter 
Stations. See NFPA 850, Recommended Practice for Five Protection 
for Electric Generating Plants and High Voltage Direct Current Con- 
verter Stations, for applicable terms not defined in Chapter 3. 


(1) Sprinkler System Water Supply. The water supply for the per- 
manent fire protection installation should be based on 
providing a 2-hour supply for both A.21.29.1(a) and 
A.21.29.1(b) as follows: 


(a) Either of the following, whichever is larger: 


i. The largest fixed fire suppression system demand 

ii. Any fixed fire suppression system demands that 
could reasonably be expected to operate simul- 
taneously during a single event [e.g., turbine 
underfloor protection in conjunction with 
other fire protection system(s) in the turbine 
area, coal conveyor protection in conjunction 
with protection for related coal-handling struc- 
tures during a conveyor fire, adjacent trans- 
formers not adequately separated according to 
5.2.4 of NFPA 850]. 


(b) The hose stream demand of not less than 500 gpm 
(1840 L/min). [850:6.2.1] 

(2) Yard Mains. The supply mains should be looped around 
the main power block and should be of sufficient size to 
supply the flow requirements determined by 6.2.1 of 
NFPA 850 to any point in the yard loop considering the 
most direct path to be out of service. Pipe sizes should be 
designed to encompass any anticipated expansion and 
future water demands. [850:6.4.1.3] 

(3) Coal Handling Structures. Sprinkler systems should be de- 
signed for a minimum of 0.25 gpm/ ft” (10.2 mm/min) 
density over a 2500 ft? (232 m”) area. [850:7.4.6.1] 

(4) Coal Conveyors. Sprinklers should be designed for a mini- 
mum of 0.25 gpm/ft? (10.2 mm/min) density over 
2000 ft? (186 m”) of enclosed area or the most remote 
100 linear ft (30 m) of conveyor structure up to 2000 ft? 
(186 m?). [850:7.4.6.2] 

(5) [In areas over conveyor belts and striker plates within 
the stacker reclaimer,] the water supply [should] be 
from a 3000 gal to 5000 gal (11,355 L to 18,925 L) capac- 
ity pressure tank located on-board. [850:7.4.6.4] 

(6) Sprinklers for bag-type dust collectors should be de- 
signed for ordinary hazard systems. Sprinkler and wa- 
ter spray systems should be designed for a density of 
0.2 gpm (8.1 mm/min) over the projected plan area 
of the dust collector. [850:7.4.6.5.1] 

(7) Steam Generator. Boiler front fire protection systems 
should be designed to cover the fuel oil burners and 
ignitors and adjacent fuel oil piping and cable a 20 ft 
(6.1 m) distance from the burner and ignitor, including 
structural members and walkways at these levels. Addi- 
tional coverage should include areas where oil can col- 
lect. Sprinkler and water spray systems should be de- 
signed for a density of 0.25 gpm/ft? (10.2 mm/min) 
over the protected area. [850:7.5.1.2] 

(8) Flue Gas Bag-Type Dust Collectors. The design density 
should be 0.2 gpm/ft? (8.1 mm/min) over the plan area 
of the dust collector. [850:7.6.3.3] 
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(10) 


(1) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


Electrostatic Precipitators. If mineral oil insulating fluids 
are used, hydrants or standpipes should be located so 
that each transformer-rectifier set can be reached by at 
least one hose stream. In addition the following should 
be provided: 

Automatic sprinkler protection. Automatic sprinkler 
systems should be designed for a density of 0.25 gpm/ft 
(10.2 mm/min) over 3500 ft? (325 më). The drain sys- 
tem should be capable of handling oil spillage plus the 
largest design waterflow from the fire protection system. 
[850:7.6.4.3] 

Scrubber Buildings. Where scrubbers have plastic or rub- 

ber linings, one of the following methods of protection 

for the building should be provided: 

Automatic sprinkler protection at ceiling level sized to 
provide 0.2 gpm/ft? (8.1 mm/min). The area of opera- 
tion should be the area of the building or 10,000 ft? 
(930 m2). Where draft curtains are provided, the area of 
operation can be reduced to the largest area subdivided 
by draft curtains. [850:7.6.5.2.2] 

Turbine-Generator Area. The sprinkler system beneath the 

turbine-generator should take into consideration ob- 

structions from structural members and piping and 
should be designed to a density of 0.3 gpm/ft? 

(12.2 mm/min) over a minimum application of 5000 ft? 

(464 m?). [850:7.7.4.1, 7.7.4.1.1] 

The automatic sprinkler system [protecting the lubricat- 
ing oil lines above the turbine operating floor] should be 
designed to a density of 0.3 gpm/ft? (12.2 mm/min). 
[850:7.7.4.1.2] 

Turbine-Generator Bearings. Fire protection systems for 

turbine-generator bearings should be designed for a 

density of 0.25 gpm/ft? (10.2 mm/min) over the pro- 

tected area of all bearings. [850:7.7.4.2.1] 

Cable Spreading Room and Cable Tunnels. Automatic sprinkler 

systems should be designed for a density of 0.3 gpm/ft 

(12.2 mm/min) over 2500 ft? (232 m°) or the most remote 

100 linear ft (30 m) of cable tunnels up to 2500 ft? 

(232 m”). [850:7.8.2.1] 

Emergency Generators. Sprinkler systems should be de- 

signed for a 0.25 gpm/ft? (10.2 mm/min) density over 

the fire area. [850:5.9.1.2.1] 

Fire Pumps. If sprinkler systems are provided for fire 

pump houses, they should be designed for a density of 

0.25 gpm/ft? (10.2 mm/min) over the fire area. 

[850:7.9.4] 

Oil- or Coal-Fueled Auxiliary Boilers. If a sprinkler system is 

provided, it should be designed for a density of 0.25 gpm/ 

ft? (10.2 mm/min) over the entire room. 

Alternative Fuels. 

(a) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers should be over oil- 
containing equipment and for 20 ft (6.1 m) beyond in 
all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. [850:9.1.5.3] 

(b) Tipping/Receiving Building. Systems should be designed 
for a minimum of 0.25 gpm/ft? (10.2 mm/min) over 
the most remote 3000 ft” (279 m”) (increase by 30 per- 
cent for dry pipe systems) of floor area with the protec- 
tion area per sprinkler not to exceed 130 ft” (12 mP). 
High-temperature sprinklers [250°F to 300°F (121°C 
to 149°C) ] should be used.[850:9.3.3.1] 


(c) The MSW Storage Pit, Charging Floor, and Grapple 
Laydown Areas. Systems should be designed for a 
minimum of 0.2 gpm/ft” (8.1 mm/min) over the 
most remote 3000 ft? (279 m?) (increase by 
30 percent for dry pipe systems) of pit/floor area 
with the protection area per sprinkler not to ex- 
ceed 100 ft? (9.3 m3). High-temperature sprin- 
klers [250°F to 300°F (121°C to 149°C) | should be 
used. [850:9.3.3.2.1] 


(18) Refuse-Derived Fuels. 


(a) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers should be over oil- 
containing equipment and for 20 ft (6.1 m) beyond in 
all directions. A density of 0.25 gpm/ft? (10.2 mm/ 
min) should be provided. [850:7.4.4.6] 


(b) Tipping/Receiving Building. Systems should be designed 
for a minimum of 0.25 gpm/ft” (10.2 mm/min) over 
the most remote 3000 ft? (279 m?) (increase by 30 per- 
cent for dry pipe systems) of floor area with the protec- 
tion area per sprinkler not to exceed 130 ft? (12.0 m°). 
High temperature sprinklers [250°F to 300°F (121°C 
to 149°C) ] should be used. 


NOTE: The preceding requirements are based on 
storage heights not exceeding 20 ft (6.1 m). 


[850:7.4.4.7] 


(c) Processing Building. Systems should be designed for a 
minimum of 0.25 gpm/ft® (10.2 mm/min) over the 
most remote 3000 ft? (279 m?) (increase by 30 per- 
cent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 130 ft” 
(12.0 m”). [850:7.4.4.8) ] 


(d) RDF Storage Building. Systems should be designed for 
a minimum of 0.35 gpm/ft? (14.3 mm/min) over 
the most remote 3000 ft? (279 m?) (increase by 
30 percent for dry pipe systems) of floor area with 
the protection area per sprinkler not to exceed 
100 ft? (9.8 m°). High-temperature sprinklers 
[250°F to 300°F (121°C to 149°C) | should be used. 
Storage heights in excess of 20 ft (6.1 m) will require 
higher design densities. [850:7.4.4.9] 


(e) RDF Boiler Feed System Area, Including Bins, Hoppers, 
Chutes, Conveyors, and So Forth. Where provided, the 
systems should be designed for a minimum of 
0.2 gpm/ft? (8.2 mm/min) over the most remote 
2000 ft? (186 m”) (increase by 30 percent for dry 
pipe systems) of floor area with the protection area 
per sprinkler not to exceed 130 ft? (12.0 m?). Inter- 
nal, as well as external, protection also should be 
considered depending upon specific equipment de- 
sign, ceiling heights, and accessibility for manual 
fire fighting. [850:7.4.4.10] 


(£) Shredder Enclosures. Systems should be designed for a 
minimum of 0.25 gpm/ft? (10.2 mm/min) over the 
most remote 3000 ft? (279 m”) (increase by 30 per- 
cent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 100 ft” 


(9.3 m°). [850:7.4.4.11] 
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(19) Biomass Fuels. 


:(a) Biomass Storage Buildings. Systems should be de- 
signed for a minimum of 0.25 gpm /ft? (10.2 mm/ 
min) over the most remote 3000 ft? (279 m?) (in- 
crease by 30 percent for dry pipe systems) of floor 
area with the protection area per sprinkler not to 
exceed 130 ft? (12.0 m”).NOTE: Biomass fuels ex- 
hibit a wide range of burning characteristics and 
upon evaluation can require increased levels of pro- 
tection. [850:7.5.4.4] 


(b) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers or spray nozzles 
should be over oil-containing equipment and for 
20 ft (6.1 m) beyond in all directions. A density of 
0.25 gpm/ft? (10.2 mm/min) should be provided. 
[850:7.5.4.6] 


(20) Rubber Tire Fuel — Hydraulic Equipment, Reservoirs, Coolers, 
and Associated Oil-Filled Equipment. Sprinklers should be 
over oil-containing equipment and for 20 ft (6.1 m) be- 
yond in all directions. A density of 0.25 gpm/ft” 
(10.2 mm/min) should be provided. [850:7.6, 7.6.4.10] 


A.21.29.2 Where an adequate and reliable water supply, such 
as a lake, cooling pond, river, or municipal water system, is 
unavailable, at least two separate water supplies should be pro- 
vided for fire protection purposes, with each supply capable of 
meeting the fire waterflow requirements determined by 4.2.1 
of NFPA 850, Recommended Practice for Fire Protection for Electric 
Generating Plants and High Voltage Direct Current Converter Sta- 
tions. [850:4.2.2] 


Each water supply should be connected to the yard main by 
separate connections arranged and valve controlled to mini- 
mize the possibility of multiple supplies being impaired simul- 
taneously. [850:4.2.3] 


Indicator control valves should be installed to provide ad- 
equate sectional control of the fire main loop to minimize 
plant protection impairments. [850:4.4.1.4) ] 


Each hydrant should be equipped with a separate shutoff 
valve located on the branch connection to the supply main. 
[850:4.4.1.5] 


Interior fire protection loops are considered an extension 
of the yard main and should be provided with at least two 
valved connections to the yard main with appropriate sec- 
tional control valves on the interior loop. [850:4.4.1.6] 


If a sprinkler system is used to protect the coal conveyor, 
particular care should be exercised in locating closed sprin- 
kler so that they will be in the path of the heat produced by the 
fire and still be in a position to provide good coverage of all 
belt surfaces along the conveyor. [850:5.4.6.2.1] 


Protection inside dust collectors should include the clean 
air plenum and the bag section. If the hopper is shielded from 
water discharge, sprinklers also should be provided in the 
hopper section. 


All areas beneath the turbine-generator operating floor that 
are subject to oil flow, oil spray, or oil accumulation should be 
protected by an automatic sprinkler of foam-water sprinkler sys- 
tem. This coverage normally includes all areas beneath the oper- 
ating floor in the turbine building. [850:5.7.4.1.1] 
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Lubricating oil lines above the turbine operating floor 
should be protected with an automatic sprinkler system cover- 
ing those areas subject to oil accumulation including the area 
within the turbine lagging (skirt). [850:5.7.4.1.2] 


Turbine-generator bearings should be protected with a 
manually or automatically operated closed-head sprinkler sys- 
tem utilizing directional nozzles. [850:5.7.4.2.1] 


Due to the large quantity of platforms, equipment, and 
walkways, care should be taken to include coverage under all 
obstructions greater than 4 ft (1.2 m) wide. [850:7.4.4.8] 


A.21.30.1 Sprinkler System Discharge Criteria for Hydroelec- 
tric Generating Plants. See NFPA 851, Recommended Practice for 
Fire Protection for Hydroelectric Generating Plants, for applicable 
terms not defined in Chapter 3. 


(1) Sprinkler Systems Water Supply. The water supply for the per- 
manent fire protection installation should be based on 
the largest fixed fire suppression system demand plus the 
maximum hose stream demand of not less than 500 gpm 
(31.5 L/sec) for a 2-hour duration. [851:4.2.2] 


(2) Ifa single water supply is utilized, two independent con- 
nections should be provided. If a situation can arise in 
which the primary water supply can become unavailable 
(e.g., dewatering of penstocks), an auxiliary supply 
should be provided. Each supply should be capable of 
meeting the requirements in 4.2.2 of NFPA 851. 
[851:4.2.3] 


(3) Fixed fire protection for this equipment, where provided, 
should be automatic wet pipe sprinkler systems utilizing a 
design density of 0.25 gpm/ft? (10.2 mm/min) for the 
entire hazard area (see 3.5.3 of NFPA 803). [851:5.2.4] 

(4) Sprinkler or water spray systems should be designed for a 
density of 0.3 gpm/ft? (12.2 mm/min) over 2500 ft? 
(232 m°). This coverage is for area protection. Individual 


cable tray tier coverage could be required based on the 
fire risk evaluation. [851:5.5.3] 


(5) Cable Tunnels. Automatic sprinkler systems should be de- 
signed for a density of 0.3 gpm/ft? (12.2 mm/min) over 
2500 ft? (232 m”) or the most remote 100 linear ft (30 m) 
of cable tunnel up to 2500 ft? (232 m°). [851:5.6.1] 

(6) Emergency Generators. Sprinkler and water spray protection 
systems should be designed for a 0.25 gpm/ft” (10.2 mm/ 
min) density over the fire area. [851:5.11.2] 

(7) Air Compressors. Automatic sprinkler protection, with a 
density of 0.25 gpm/ft? (10.2 mm/min) over the postu- 
lated oil spill, should be considered for air compressors 
containing a large guantity of oil. (See 4.8.2 of NFPA 851, 
Recommended Practice for Fire Protection for Hydroelectric Gener- 
ating Plants.) [851:5.12] 

(8) Hydraulic Systems for Gate and Valve Operators. Automatic sprin- 
kler protection designed for a density of 0.25 gpm/ft? 
(10.2 mm/min) over the fire area should be considered for 
hydraulic systems not using a listed fire-resistant fluid. (See 
4.8.2 of NFPA 851.) [851:5.13] 

(9) Fire Pumps. If sprinkler systems are provided, they should 
be designed for a density of 0.25 gpm/ft? (10.2 mm/min) 
over the fire area. For automatic foam-water sprinkler sys- 
tems, a density of 0.16 gpm /ft? (6.5 mm/min) should be 
provided. [851:5.14] 


Posted by Public.Resource.Org. Not affiliated with NFPA 


ANNEX A 


13-357 


A.21.30.2 Upstream water is frequently the fire protection 
water supply. Water for fire suppression should not be taken 
downstream from any closure device in a penstock, flume, or 
forebay. [851:4.2.6] 


Fire extinguishing systems, where installed for lube oil sys- 
tems employing combustible-type oil, should include protec- 
tion for the reservoirs, pumps, and all oil lines, especially 
where unions exist on piping and beneath any shielded area 
where flowing oil can collect. Facilities not provided with 
curbs or drains should extend coverage for a distance of 20 ft 
(6.1 m) from the oil lines, when measured from the outermost 
oil line. [851:5.2.7] 


A.21.31.1 Sprinkler systems for specific areas associated with 
religious facilities should be designed as follows: 


(1) All assembly areas, except state — light hazard 
(2) Stages — ordinary hazard (Group 2) 
(3) Kitchens — ordinary hazard (Group 1) 
(4) Storage rooms — ordinary hazard (Group 2) 
(5) Unused attics/lofts/steeples/concealed spaces — light 
hazard 
(6) Schools/day-care centers — light hazard 
(7) Gift shops — ordinary hazard (Group 1) 
(8) Special exhibit area — ordinary hazard (Group 2) 
(9) Libraries — ordinary hazard (Group 2) 
(10) Offices — light hazard 


(909: A.10.4.2] 


A.21.31.1.1 Standard-response sprinklers employ more ro- 
bust operating elements than quick-response sprinklers and 
can be more appropriate for use in areas where concern for 
inadvertent water discharge outweighs the advantages of ther- 
mal sensitivity. [909: A.12.4.4.2] 


A.21.31.1.2.1 The automatic fire suppression system, the 
compact storage system, and the storage compartmentation 
features should be designed to limit fire damage in accor- 
dance with the facility’s fire safety objectives (e.g., confine fire 
growth to the compact storage module of origin). Significant 
factors to consider include the number and size of the storage 
modules, the separation provided between the modules (end- 
to-end and back-to-back), and the type of materials being 
stored. In general, double-interlock pre-action systems and 
dry pipe systems are inappropriate for compact storage, be- 
cause of the additional delay they introduce, coupled with the 
delays in activation resulting from the compact storage units 
themselves. 


Other protection features, which should be considered to 
limit the extent of potential fire damage, include the following: 


(1) Very high density sprinkler systems 

(2) Quick-response sprinklers 

(3) Early-warning smoke detection 

(4) Spacers between carriages or, for automated systems, auto- 
matic park mode to increase flue spaces between carriages 
upon activation of a fire alarm or during idle periods 

(5) Metal vertical barriers in the middle of the shelf 

(6) Open-top shelving [909: A.16.4.8.1.3] 


A.21.31.1.2.2 The system should be designed to confine fire 
growth to the compact storage module of origin or the shelv- 
ing range of origin. (909: A.16.4.8.1.4.1] 


A.21.32.2.3 The intent of the NFPA 70, National Electrical Code, 
is to allow sprinkler piping in the room protecting the space 
covering the floor area that includes the electrical equipment 
as long as the sprinklers and piping are not located in the zone 
described by 21.32.2.1. The sprinkler and the piping can be 
above the zone described by 21.32.2.1, but a shield needs to be 
installed in this case to protect the electrical equipment from 
potential leakage. 


A.21.35.1.11 The quantities and pressure of water for fire 
extinguishing indicated in 21.35.1.11 are based on limited 
testing and should be considered subject to change as addi- 
tional data become available. It is recommended that spray 
coverage tests be carried out at maximum altitude for manned 
operations. 


A.21.36.1.1.1 See 4.3.3 of NFPA 120 for unique requirements 
for protecting this unusual type of occupancy. 


A.22.1 Preliminary plans should be submitted for review to 
the authority having jurisdiction prior to the development of 
working plans [see Figure A.22.1(a)]. The preliminary plans can 
be part of the construction documents submitted in order to 
obtain a building permit. However, working drawings in accor- 
dance with Section 22.1 should be submitted and approved 
prior to the installation of system equipment. Preliminary 
plans should include as much information as is required to 
provide a clear representation of the hazard to be protected, 
the system design concept, the proposed water supply configu- 
ration, and building construction information pertinent to 
system layout and detailing. 


The owner’s information certificate, shown as Fig- 
ure A.22.1(b), should be used to obtain a declaration of the 
intended use of the occupancy to be protected. 


Drawings that accompany the certificate should include 
the following: 


(1) Name of owner and occupant. 

(2) Location, including street address. 

(3) Point of compass. 

(4) Construction and occupancy of each building. 

(5) Building height in feet. 

(6) Waterflow test information. If a waterflow test of the 
city main is available, the drawings should indicate the 
date and time of the test, the name of the party that 
conducted the test, the location of the hydrants where 
the flow was taken and where static and residual pres- 
sure readings were recorded (see A.23.2.1), the size 
and configuration of mains supplying the hydrants, 
the size and number of open hydrant butts flood, and 
results of the test. 

(7) Building features such as combustible concealed spaces, 
floor openings, areas subject to freezing, and areas from 
which it is intended to omit sprinkler protection. 

(8) Proposed location and approximate size, if a water sup- 
ply employing pumps or tanks is contemplated. 

(9) Name and address of party submitting the preliminary 
plans. 

(10) Tentative location of major piping, including mains un- 
derground, risers, overhead mains, and fire department 


connections. 
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«Nn 500 gpm flowing Ih City gate Haa Fi 1-5-06 B HI 
N. 12th Street Degree of sprinkler __|1601212°12801360°| Sheet no. 1 of 1 
This sheet 171 Scale Va" = 1'0" 
Total on contract 528 — 
XYZ AUTOMATIC SPRINKLER CO. 
NEWARK, OHIO 
FIGURE A.22.1(a) Typical Preliminary Plan. 
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OWNER’S INFORMATION CERTIFICATE 


Name/address of property to be protected with sprinkler protection: 


Name of owner: 


Existing or planned construction is: 
4 Fire resistive or noncombustible 
4 Wood frame or ordinary (masonry walls with wood beams) 


T Unknown 


Describe the intended use of the building: 


Note regarding speculative buildings: The design and installation of the fire sprinkler system is dependent on an 
accurate description of the likely use of the building. Without specific information, assumptions will need to be made 
that will limit the actual use of the building. Make sure that you communicate any and all use considerations to the fire 
sprinkler contractor in this form and that you abide by all limitations regarding the use of the building based on the 
limitations of the fire sprinkler system that is eventually designed and installed. 


Is the system installation intended for one of the following special occupancies: 


Aircraft hangar 1 Yes 1 No 
Fixed guideway transit system 1 Yes 4 No 
Race track stable 1 Yes 1 No 
Marine terminal, pier, or wharf 1 Yes d No 
Airport terminal 1 Yes A4 No 
Aircraft engine test facility 1 Yes 4 No 
Power plant II Yes 4) No 
Water-cooling tower LI Yes d No 


If the answer to any of the above is “yes,” the appropriate NFPA standard should be referenced for sprinkler 
density/area criteria. 


Indicate whether any of the following special materials are intended to be present: 


Flammable or combustible liquids II Yes d No 
Aerosol products 1 Yes I No 
Nitrate film T Yes d No 
Pyroxylin plastic 1 Yes 1 No 
Compressed or liquefied gas cylinders T Yes d No 
Liquid or solid oxidizers 1 Yes 1 No 
Organic peroxide formulations II Yes d No 
Idle pallets 1 Yes 1 No 


If the answer to any of the above is “yes,” describe type, location, arrangement, and intended maximum quantities. 
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FIGURE A.22.1(b) Owner’s Information Certificate. 
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Indicate whether the protection is intended for one of the following specialized occupancies or areas: 


Spray area or mixing room d Yes 4 No 
Solvent extraction H Yes 1 No 
Laboratory using chemicals J Yes 4 No 
Oxygen-fuel gas system for welding or cutting q Yes 1 No 
Acetylene cylinder charging J Yes d No 
Production or use of compressed or liquefied gases J Yes d No 
Commercial cooking operation 4 Yes I No 
Class A hyperbaric chamber (4 Yes 4 No 
Cleanroom 4 Yes 1 No 
Incinerator or waste handling system 1 Yes I No 
Linen handling system 1 Yes 4 No 
Industrial furnace 11 Yes 4 No 
Water-cooling tower L Yes T No 


If the answer to any of the above is “yes,” describe type, location, arrangement, and intended maximum quantities. 


Will there be any storage of products over 12 ft (3.6 m) in height? Yes UO No 


If the answer is “yes,” describe product, intended storage arrangement, and height. 


Will there be any storage of plastic, rubber, or similar products over 5 ft (1.5 m) high except as described above? 
4 Yes ONo 


If the answer is “yes,” describe product, intended storage arrangement, and height. 


Is there any special information concerning the water supply? Yes I No 


If the answer is “yes,” provide the information, including known environmental conditions that might be responsible 
for corrosion, including microbiologically influenced corrosion (MIC). 


I certify that I have knowledge of the intended use of the property and that the above information is correct. 


Signature of owner's representative or agent: Date: 


Name of owner's representative or agent completing certificate (print): 


Relationship and firm of agent (print): 
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ANNEX A 


13-361 


A.22.1.1 See Figure A.22.1.1. Underground mains should be 


designed so that the system can be extended with a minimum 


of expense. Possible future plant expansion should also be 
considered and the piping designed so that it will not be cov- 


ered by buildings. 


A.22.14 Itis the intent to provide the owner’s certificate for 
all new systems and where there is a change of occupancy 


and/or building use. 


A.22.1.5 See Figure A.22.1.5(a) and Figure A.22.1.5(b). 


A.22.2.1.1 Alternative means of determining available water 


A.22.3.3(15) See Figure A.22.3.3(15). 
A.22.3.4 See Figure A.22.3.4. 


A.22.3.2 See Figure A.22.3.2(a) through Figure A.22.3.2(d). 
A.22.3.3 See Figure A.22.3.3. 


A.22.3.5.1 Additional data may be added to any of the forms, 


provided that the format and order of the original informa- 


supplies should be considered where drought or other con- 
cerns are present. 


}— 20 ft O in. >< 20 ft 0 in. >< 20 ft 0 in. PI 20 ft 0 in. >|;<— 20 ft 0 in. >< 20 ft 0 in. >| & 
8 |F 
O lk 
28 £ JIM 
Q.A 9280 ed 2 =i 
= 14 in, 8 Unit 8 olk 
"I- 2 | | C-clamp j | 10 in. bar joists heater s sr 
Z 02120 hangers on 2 ft 6 in. on center 2120 3 adal 
ae 5 : lines and 1 1 1% in. metal deck } 2 Ss 
=| 09 8 mains 2 Sga B 
= = f h h <i h a ESIH 
= As S£ E 9 329 L 
= x t+ o a £ y 
H3 7 | | E., | } 28 olf qE 
in|| sz x 2" x 4" ny gn nen ae am | om se 40 su <0 
80 ft O in.|| 3 7 aw | 2"x4" | 2"« 4") 2"x 4" 423 Ya" 2" x4 | 2" x 4") 2" x 4" | 2" x 4" |2" x A" L TE 
TLS 2 i ti ' *22" m Or 
imsi: : z 2" NAK 3" 3" 3" YAA 3" = 3" 3" 21" 2" I & = i 
nip and — < fe 9-9") 9-9" 9-81" T 9-814" | 9'-8%" Pix 5-715" 91-814" 9-81") 9-8/2" | 9-9" 9'-9" . . HI| — = 2 
cap * sis i 5 Rr | | 2in.x4in. Lilo S| 0 
L92 in a 2" xa" | ar 2"x 4" nipandcap* (ul |p WS 
` i i i i = 22 in. Hi] e Sz 
zx E i ? Ul Es 
=| 0 g L, 825 S 
“IE Ke oe 1 —|'<- 1 ft Oin. 1 1 H a3 wae 
= =o o silo o o HISSso| eS 
S pae ke) Z415 D D 212° h 0x8 SA 
-Is 212) £ = | cal A ; Hangtwoend (UI SSS lu g 
=| x£ sk pieces to Hogg cs 
= (EN 201 i i bottom of Hlece | oo 
rr yy 4 oe = J Y 1 steel joists Woss | 
J II 280° Unit | | $ 42n. | ggs Unit 280° a 
y heater | 1 heater z a 
Note: 17 Sy 2% in. x 2% in. x 4 in. fire dept. connection 
Figures marked thus * denote Water motor | £ 
distance in inches from top of alarm 2 =| Curb line JOHN DOE CO. 
steel joists down to center of IES’ 5 á 22-32 N. SECOND STREET 
pipe. oF SMITHVILLE, NY 
| City gate valve Surveyed 10-01-06 By: H.T. Contract no. 
= ED 8 in. city main | Drawn 10-3-06 By: H.T. 
75 psi static pressure Checked 10-10-06 | By: R N-4341 
70 psi residual -12- . 
a N d A 10-12-06 By: LE.P 
500 gpm flowing . Second Street Degree of sprinkler |teolotoslpandasoel sp 
R eet no. 1 of 1 
N 3 heet z|al|8 
wet - 6/5. iava 
250, Total on contract 84 Scale %'= 1'0 
Upright sprinklers XYZ AUTOMATIC SPRINKLER CO. 


FIGURE A.22.1.1 Typical Working Plans. 


<| 


tion shown in Figure 22.3.5.1.2(a), Figure 22.3.5.1.2(b), 
Figure 22.3.5.1.2(c), and Figure 22.3.5.1.2(d) is followed. 


NEWARK, OHIO 
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© + 286° 
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For 135%" — 5 in zoui ny 20-0" — zin, 120-012 o" 2V2 in 20-0" y oo ~——2 in. L20-01— = -e 
Spy 2 75:05:09 00:0" = SONR 
4in. Sake 25 “C” check valve Globe valve Circulating 
1 Heat exchanger FEmpellor’ 
otes: “anti » 
Centigrade” model 007 model PS-1 


Heat pump detail: 

Typical section of connections between 
sprinkler branch lines and heat pump 
1. Branch line 

2. “World-wide” model “E” globe valve 
3. “Wunway” model “S” check valve 

4. Dielectric union 

5. “Farenheit” model #72 heat pump 


maximum spacing. 


1. Wet pipe automatic sprinkler system 
with auxiliary connections for heating 
and air conditioning equipment. 
Ordinary hazard occupancy, 130 ft? 


2. A dotted line (........... ) denotes auxiliary 
heating and air-conditioning piping. 


Globe valve in auxiliary 
piping system 


Check valve in auxiliary 
piping system 


Heat pump in auxiliary 
piping system 


FIGURE A.22.1.5(a) Working Plans for Circulating Closed-Loop Systems (Example 1). 


A.22.4.1 When additional sprinkler piping is added to an exist- 
ing system, the existing piping does not have to be increased in 
size to compensate for the additional sprinklers, provided the 
new work is calculated and the calculations include that portion 
of the existing system that can be required to carry water to the 
new work. It is not necessary to restrict the water velocity when 
determining friction losses using the Hazen—Williams formula. 


A.22.4.4 See Figure A.22.4.4. 
A.22.4.4.1 See Figure A.22.4.4.1(a) and Figure A.22.4.4.1(b). 


A.22.4.4.1.1.1 The word “rectangular” in this section is not 
meant to imply that the design area always has to be a rectangle. 
Instead, the intent is to require a design area with sides that meet 
at right angles and the longer side parallel to the branch lines. In 
many cases, this will be a perfect rectangle with four sides. How- 
ever, in some cases with multiple sprinklers on multiple branch 
lines within the design area, the design area can be satisfied with 
fewer sprinklers on the last branch line than on the first, resulting 
in a design area that is a rectangle with the corner cut out as 
shown in Figure A.22.4.4.1.1.1. 


A.22.4.4.4 See Figure A.22.4.4.4. 


A.22.4.4.5.1 See Figure A.22.4.4.5.1 for a Moody diagram and 
Table A.22.4.4.5.1 for e-factors that correspond to Hazen- 
Williams C factors. 
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A.22.4.4.5.2 When listed with antifreeze solution, sprinklers 
should be hydraulically calculated in accordance with the list- 
ing and manufacturer’s instructions. 


A.22.4.4.5.3 See Figure A.22.4.4.5.3. 


A.22.4.4.5.5 This subsection assumes a ceiling constructed 
so as to reasonably ensure that a fire on one side of the 
ceiling will operate sprinklers on one side only. Where a 
ceiling is sufficiently open, or of such construction that op- 
eration of sprinklers above and below the ceiling can be 
anticipated, the operation of such additional sprinklers 
should be considered in the calculations. 


A.22.4.4.5.6 Where the slope is parallel with the branch lines, 
the area per sprinkler for hydraulic calculation purposes 
would be found as 


A =S XL 
where: 
S' = (cos 0)S 
9 = the angle of the slope 


S = the distance between sprinklers on the branch 


line per 8.5.2.1.2 
See Figure A.22.4.4.5.6. 
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fol 
© 
€ 
fo 
5 
= 
Heat 
Circulating pump < exchanger 
Notes: “Empellor” Model PS-1 “Centigrade” 
1. Wet pipe automatic sprinkler system Model 007 


‘ g ` Ordinary hazard occupancy, 
Typical section of connections between maximum spacing. 


sprinkler branch lines and heat pump 2. A dotted line (. 
1. Branch line heating and ai 
2. “World-wide” model “E” globe valve 

3. Dielectric union 

4. “Farenheit” model #72 heat pump 

5. Water return line 


with auxiliary connections for heating 
Heat pump detail: and air conditioning equipment. 


...) denotes auxiliary 
nditioning piping. 


Globe valve in auxiliary 
130 ft2 piping system 
Check valve in auxiliary 
piping system 


Heat pump in auxiliary 
piping system 


FIGURE A.22.1.5(b) Working Plans for Circulating Closed-Loop Systems (Example 2). 


A.22.4.4.6 When it is not obvious by comparison that the de- 
sign selected is the hydraulically most remote, additional cal- 
culations should be submitted. The most distant area is not 
necessarily the hydraulically most remote. 


A.22.4.4.6.2 The intent of this section is not to allow the omis- 
sion of discharge from sprinklers in small rooms where the de- 
sign area has been reduced below the values in Table 22.4.4.6.2 
for situations such as quick-response sprinklers. Where quick- 
response sprinklers are used, the discharge from sprinklers in 
small rooms in the design area can be omitted as long as the 
design area meets the size required by Table 22.4.4.6.2. 


A.22.4.4.8 The use of sprinklers with differing orifice sizes 
in situations where different protection areas are needed is 
not considered balancing. An example would be a room 
that could be protected with sprinklers having different ori- 
fice size in closet, foyer, and room areas. However, this pro- 
cedure introduces difficulties when restoring a system to 
service after operation since it is not always clear which 
sprinklers go where. 


A.22.4.4.9 Where the normal pressure (P,,) is used to calcu- 
late the flow from an orifice, the following assumptions should 
be used: 


(1) At any flowing outlet along a pipe, except the end outlet, 
only the normal pressure (P,,) can act on the outlet. At the 
end outlet, the total pressure (P,) can act. The following 
should be considered end outlets: 


(a) The last flowing sprinkler on a dead-end branch line 

(b) The last flowing branch line on a dead-end cross 
main 

(c) Any sprinkler where a flow split occurs on a gridded 
branch line 

(d) Any branch line where a flow split occurs on a looped 
system 


(2) At any flowing outlet along a pipe, except the end outlet, 
the pressure acting to cause flow from the outlet is equal 
to the total pressure (P,) minus the velocity pressure (P.,) 
on the upstream (supply) side. 

(3) To find the normal pressure (P,,) at any flowing outlet, 
except the end outlet, assume a flow from the outlet in 
question and determine the velocity pressure (P,,) for the 
total flow on the upstream side. Because normal pressure 
(P,,) equals total pressure (P,) minus velocity pressure (P,,), 
the value of the normal pressure (P,,) so found should 
result in an outlet flow approximately equal to the as- 
sumed flow; if not, a new value should be assumed, and 
the calculations should be repeated. 
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INSTALLATION OF SPRINKLER SYSTEMS 


Hydraulic Calculations 


for 
ABC Company, employee garage 
7499 Franklin Road 


Charleston, SC 


Contract No. 4001 
Date 1-7-08 


Design data: 


Occupancy classification __ORD. GR. 1 


Density, 015  gpm/ft2 

Area of application 1500 ft? 
Coverage per sprinkler 130 f2 
Special sprinklers 

No. of sprinklers calculated 12 
In-rack demand 

Hose streams —  250gpm —— 


Total water reguired 5104 gpm 
including hose streams 


Name of contractor 
Name of designer 
Address 


Authority having jurisdiction 


FIGURE A.22.3.2(a) Summary Sheet. 


A.22.5.1 The demonstrated effectiveness of pipe schedule 
systems is limited to their use with "4 in. (13 mm) orifice sprin- 
klers. The use of other size orifices can require hydraulic cal- 
culations to prove their ability to deliver the required amount 
of water within the available water supply. 


A.22.5.1.4 Where the construction or conditions introduce 
unusually long runs of pipe or many angles in risers or feed or 
cross mains, an increase in pipe size over that called for in the 
schedules can be required to compensate for increased fric- 
tion losses. 


A.22.5.2.6 For example, a 2% in. (64 mm) steel pipe, which is 
permitted to supply 30 sprinklers, can supply a total of 50 
sprinklers where not more than 30 sprinklers are above or 
below a ceiling. 


A.22.5.3.9 For example, a 3 in. (76 mm) steel pipe, which is 
permitted to supply 40 sprinklers in an ordinary hazard area, 
can supply a total of 60 sprinklers where not more than 
40 sprinklers protect the occupied space below the ceiling. 
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A.22.5.4 The piping schedule shown in Table A.22.5.4 is re- 
printed only as a guide for existing systems. New systems for 
extra hazard occupancies should be hydraulically calculated 
as required in 22.5.4. 


A.22.7 In the design of an exposure protection system, the 
flow rate from window and cornice sprinklers is shown in 
Table 22.7.1. The flow rates are based on the guide numbers 
selected from Table 4.3.7.3 of NFPA 80A, Recommended Practice 
for Protection of Buildings from Exterior Fire Exposures, which can 
be utilized as the basis for determining whether exposure pro- 
tection is needed. 


A.23.1.3.2 When a single main less than 6 in. (152 mm) in 
diameter serves both domestic and fire systems, the domestic 
demand should be added to the hydraulic calculations for the 
fire system at the point of connection unless provisions have 
been made to isolate the domestic demand. 


A.23.1.5 Evaluation of the water supply and environmental 
conditions does not necessarily require a water sample analysis 
by a laboratory. Instead, general knowledge of the long-term 
condition of sprinkler systems with similar piping materials in 
similar environments on the same water supply can be a suffi- 
cient evaluation. 

There are several options to address the effects of MIC on 
sprinkler systems. Some types of sprinkler pipe such as CPVC 
have not shown to be affected by MIC. Other types of pipe are 
being manufactured with a biofilm that resists the effects of 
MIC. 

Where water supplies are treated with biocides, evaluation 
of the effects of the biocide on sprinkler system components 
(pipe, fittings, sprinklers, gaskets, valves, and seals) is just as 
important as evaluating the effect the biocide has on the or- 
ganisms. Where water treatment is selected as the method to 
deal with MIC, all water entering the system during testing or 
flushing needs to be treated so that the organisms do not geta 
chance to establish themselves. 

Since all of the conditions that can affect the growth of 
MIC are unknown, a plan to sample randomly selected inte- 
rior positions in the system can be effective. The frequency 
and location of the interior inspections will depend on the 
extent of the known MIC problem with the same water supply 
and similar environmental conditions. 


A.23.1.6.2 Where the system riser is close to an outside wall, 
underground fittings of proper length should be used in or- 
der to avoid pipe joints located in or under the wall. Where 
the connection passes through the foundation wall below 
grade, a lin. to 3 in. (25 mm to 76 mm) clearance should be 
provided around the pipe and the clear space filled with as- 
phalt mastic or similar flexible waterproofing material. 


A.23.1.7 Where water meters are in the supply lines to a 
sprinkler system, they should be rated to deliver the proper 
system demand. The amount of water supplied through a wa- 
ter meter varies with its size and type and might not provide 
the required demand, regardless of the water supply available. 


Posted by Public.Resource.Org. Not affiliated with NFPA 


ANNEX A 13-365 
nE 10 ft bays at 20 ft 0 in. = 200 ft 0 in. >| 
Sprinkler ha 
A | | 3 
D9 
#4 Calculated area — 1500 ft2 20 
: oe 
ES og 
= QO 
#2 , 5 o Ë 
`x 3 Spacing 13 ft x 10 ft = 130 ft 5e 
& s 1500 = 11.54 — Calculate 12 sprinklers S9 
salih 130 | B $ 
£ o£ 3 
s 121500 = 3.58 858 P 
EZES 13 Use four sprinklers/line 38° 
AN 232 
. al SES | 
£ = = 
o c 3i 
= Sa 22 inJ2% in. 2% in.2V2 inJ2% in} 2% in.|2%2 in.| Sin. | Bin. | Sin. | 3in.| Bin. | Bin. | Bin. | Bin. | Sin. | Bin. yo In. 
= C7 
s| | TS 
Š 
>si 
2 O£ 
EL 
£ 3 in. riser 4 
ka) 
2 
£ 
S 
x 
£ 
Kej 
= . 
45 ft 0 in. 


Group | — 1500 ft2 


Density 0.15 gpm/ft2 
from Figure 11.2.3.1.1 
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See calculations 
in Figure A.22.3.2(c) 


Alarm 
valve 


16 ft Oin. 
rI 


Indicating gate 
valve 


Elevation View 


3in. 
2 SZ 
260.4 gpm 


0 oe Reference step 


FIGURE A.22.3.2(b) Hydraulic Calculation Example (Plan View and Elevation View). 
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Contract Name. GROUP |_1500 ft? Sheet —2_ Of 
> | Nozzle Pipe icti D = 0.15 gpm/ft? 
Ident. i ina! Fittings 


and | : Notes 
Location i K=5.6 


Q = 130 x 0.15 = 19.5 
P = (19.5/5.6)? = 12.1 psi 


ah 
— 
~ 


— 
= 
~ 
N 


P, 
Pe oo IP, fq = 16.7 V278 
[Pe 162 [P, | 


P, = 15x 0.433 


P, m2|P, | 
: P, @7 |P F = Fy) x 1.51 F, 
Uu 3 TYPE'M' |" e x F 
Q 259.6 


= 21 x 1.51 x 0.869 
o.o61 |P,_47/P,_|F=276 
AN 
TI P, Ip, 
a 
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FIGURE A.22.3.2(c) Hydraulic Calculations. 
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FIGURE A.22.3.2(d) Hydraulic Graph. 


A.23.1.8 Where connections are made from public water- 
works systems, such systems should be guarded against pos- 
sible contamination as follows (see AWWA M14, Recommended 
Practice for Backflow Prevention and Cross Connection Control): 


(1) For private fire service mains with direct connections 
from public waterworks mains only or with booster pumps 
installed in the connections from the street mains, no 
tanks or reservoirs, no physical connection from other 
water supplies, no antifreeze or other additives of any 
kind, and with all drains discharging to atmosphere, dry 
well, or other safe outlets, no backflow protection is rec- 
ommended at the service connection. 

(2) For private fire service mains with direct connection from 
the public water supply main plus one or more of the 
following: elevated storage tanks or fire pumps taking suc- 
tion from aboveground covered reservoirs or tanks (all 
storage facilities are filled or connected to public water 
only and the water in the tanks is to be maintained in a 
potable condition), an approved double check valve as- 
sembly is recommended. 

(3) For private fire service mains directly supplied from pub- 
lic mains with an auxiliary water supply such as a pond or 
river on or available to the premises and dedicated to fire 
department use; or for systems supplied from public 
mains and interconnected with auxiliary supplies, such as 
pumps taking suction from reservoirs exposed to con- 
tamination or rivers and ponds; driven wells, mills, or 
other industrial water systems; or for systems or portions 
of systems where antifreeze or other solutions are used, an 
approved reduced pressure zone-type backflow preventer 
is recommended. 


Where connections are made from public waterworks sys- 
tems, it might be necessary to guard against possible contami- 
nation of the public supply. 


A.23.2.1 Care should be taken in making water tests to be 
used in designing or evaluating the capability of sprinkler sys- 
tems. The water supply tested should be representative of the 
supply that might be available at the time of a fire. For ex- 
ample, testing of public water supplies should be done at times 
of normal demand on the system. Public water supplies are 
likely to fluctuate widely from season to season and even 
within a 24-hour period. Allowance should be made for sea- 
sonal or daily fluctuations, for drought conditions, for possi- 
bility of interruption by flood, or for ice conditions in winter. 
Testing of water supplies also normally used for industrial use 
should be done while water is being drawn for industrial use. 
The range of industrial-use demand should be taken into ac- 
count. In special situations where the domestic water demand 
could significantly reduce the sprinkler water supply, an in- 
crease in the size of the pipe supplying both the domestic and 
sprinkler water can be justified. 

Future changes in water supplies should be considered. For 
example, a large, established, urban supply is not likely to 
change greatly within a few years. However, the supply in a 
growing suburban industrial park might deteriorate quite rap- 
idly as greater numbers of plants draw more water. 

Dead-end mains should be avoided, if possible, by arrang- 
ing for mains supplied from both directions. When private fire 
service mains are connected to dead-end public mains, each 
situation should be examined to determine if it is practical to 
request the water utility to loop the mains in order to obtain a 


more reliable supply. 
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Contract no. 


Name and location 


Sheet no. 


Flow 
Nozzle in Pipe 
type and gpm size 
Reference location (L/min) (in.) 
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length (bar/m) 
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(bar) Pressure 
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P,: total pressure. P; friction loss pressure. P,: velocity pressure. P,: elevation pressure. 
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FIGURE A.22.3.3 Sample Worksheet. 
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FIGURE A.22.3.3(15) 
Area — Grid System. 


120 
(8.3) 


Example of Hydraulically Remote 


Testing of Water Supply. To determine the value of public 
water as a supply for automatic sprinkler systems, it is generally 
necessary to make a flow test to determine how much water 
can be discharged at a residual pressure at a rate sufficient to 
give the required residual pressure under the roof (with the 
volume flow hydraulically translated to the base of the riser) 
— that is, a pressure head represented by the height of the 
building plus the required residual pressure. 

The proper method of conducting this test is to use two 
hydrants in the vicinity of the property. The static pressure 
should be measured on the hydrant in front of or nearest to 
the property and the water allowed to flow from the hydrant 
next nearest the property, preferably the one farthest from the 
source of supply if the main is fed only one way. The residual 
pressure will be that indicated at the hydrant where water is 
not flowing. 

Referring to Figure A.23.2.1, the method of conducting the 
flow tests is as follows: 


(1) Attach the gauge to the hydrant (A) and obtain static pres- 
sure. 

(2) Either attach a second gauge to the hydrant (B) or use the 
pitot tube at the outlet. Have hydrant (B) opened wide 
and read pressure at both hydrants. 

(3) Use the pressure at (B) to compute the gallons flowing 
and read the gauge on (A) to determine the residual pres- 
sure or that which will be available on the top line of 
sprinklers in the property. 

Water pressure in pounds per square inch for a given 

height in feet equals height multiplied by 0.433. 


110 


(7.6) 


100 


(6.9) 


90 
(6.2) 


80 


(5.5) 


70 


(4.8) 


60 


(4.1) 


50 


Pressure, psi (bar) 
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(2.8) 


30 
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(1.4) 


10 


(0.69) 
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(3407) 


Q1.85 Flow, gpm (L/min) (Multiply this scale by ) 


FIGURE A.22.3.4 Sample Graph Sheet. 
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Calculated area Ap: 12 ft : between sprinklers 
<—_>< 


IX—X XK Oo XIX rx 
ho ft between lines 
2 X X X X X- X 


rc = SS es =) 
4X X x X x X 
(= l 
A B C D E F 


Notes: 


1. For gridded systems, the extra sprinkler (or sprinklers) on branch 
line 4 can be placed in any adjacent location from B to E at the 
designer's option. 

2. For tree and looped systems, the extra sprinkler on line 4 
should be placed closest to the cross main. 


Assume a remote area of 1500 ft2 with sprinkler coverage of 120 ft2 


Desi 
Total sprinklers to calculate = ees 
Area per sprinkler 
1500 
= = 12.5, calculate 13 
120 
Number of sprinklers on branch line = = 


Where: 
A= design area 
S = distance between sprinklers on branch line 


1.21500 _ 


Number of sprinklers on branch line = 3.87 


For SI units, 1 ft = 0.3048 m; 1 ft? = 0.0929 m2. 


FIGURE A.22.4.4 Example of Determining the Number of 
Sprinklers to Be Calculated. 


In making flow tests, whether from hydrants or from 
nozzles attached to hose, always measure the size of the orifice. 
While hydrant outlets are usually 24% in. (64 mm), they are 
sometimes smaller and occasionally larger. Underwriters 
Laboratories play pipe is 1% in. (29 mm) and 1% in. (44 mm) 
with the tip removed, but occasionally nozzles will be 1 in. 
(25.4 mm) or 1% in. (33 mm), and with the tip removed the 
opening can be only 114 in. (38 mm). 

The pitot tube should be held approximately one-half the 
diameter of the hydrant or nozzle opening away from the 
opening. It should be held in the center of the stream, except 
that in using hydrant outlets the stream should be explored to 
ascertain the average pressure. 


For further information on water supply testing, see 
NFPA 291, Recommended Practice for Fire Flow Testing and Marking 
of Hydrants. 


A.23.2.1.2 An adjustment to the waterflow test data to ac- 
count for daily and seasonal fluctuations, possible interrup- 
tion by flood or ice conditions, large simultaneous industrial 
use, future demand on the water supply system, or any other 
condition that could affect the water supply should be made as 
appropriate. 
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1 This sprinkler is not in the selected area of operation. 


FIGURE A.22.4.4.1(a) Example of Hydraulically Most De- 
manding Area. 


A.23.2.2 An automatically controlled vertical turbine pump 
taking suction from a reservoir, pond, lake, river, or well com- 
plies with 23.2.2. 

See sections dealing with sprinkler equipment supervisory 
and waterflow alarm services in NFPA 72, National Fire Alarm 
and Signaling Code. 


A.23.2.3.3 For pipe schedule systems, the air pressure to be 
carried and the proper proportion of air in the tank can be 
determined from the following formulas where: 

P= air pressure carried in pressure tank 

A = proportion of air in tank 

H = height of highest sprinkler above tank bottom 


When the tank is placed above the highest sprinkler, use 
the following formula: 


P= W 15 
A 
If A= %, then P=90- 15 = 75 lb psi 
If A= %, then P= 60-15 = 45 lb psi 
If A =% , then P= 45 — 15 = 30 lb psi 
When the tank is below the level of the highest sprinkler, 
use the following formula: 


pu 20 _ 15 NAH 
A A 
If A=%, then P= 75 + 1.30H 
If A=%, then P= 45 4 0.87H 
If A=%, then P= 30 + 0.65H 
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FIGURE A.22.4.4.1(b) Example of Hydraulically Most De- 
manding Area for Various Piping Arrangements. 


The preceding respective air pressures are calculated to 
ensure that the last water will leave the tank at a pressure of 
15 psi (1 bar) when the base of the tank is on a level with the 
highest sprinkler or at such additional pressure as is equiva- 
lent to a head corresponding to the distance between the base 
of the tank and the highest sprinkler when the latter is above 
the tank. 

For hydraulically calculated systems, the following formula 
should be used to determine the tank pressure and ratio of air 
to water: 


P, 415 
P= —15 


10 ft 
<— 


fio ft 


Design area 


Discharge criteria: 0.45 gpm?/2000 ft? 

20 sprinklers in design area 1.2(2000)0.5/10 = 5.3 rounded up to 
6 sprinklers per branch line 

Note that the design area is not a perfect rectangle. The 2000 ft? 
requirement can be met with fewer sprinklers on the fourth branch 
line back, so there is no need to include the additional four sprinklers 
on the fourth branch line. 


FIGURE A.22.4.4.1.1.1 Example of Nonsymmetrical Hy- 
draulically Most Demanding Area. 


FIGURE A.22.4.4.4 Example of Determining the Most Re- 
mote Area for a Gridded System. 


where: 
P, = tank pressure 


P, = pressure required from hydraulic calculations 
A = proportion of air 


Example: Hydraulic calculations indicate 75 psi (5.2 bar) is 
required to supply the system. What tank pressure will be re- 
quired? 


25415 

0.5 

P 5180 —15 —-165 psi 

For SI units, 1 ft = 0.3048 my, 1 psi = 0.0689 bar. 

In this case, the tank would be filled with 50 percent air and 
50 percent water, and the tank pressure would be 165 psi 
(11.4 bar). If the pressure is too high, the amount of air car- 
ried in the tank will have to be increased. 


15 


Pressure tanks should be located above the top level of 
sprinklers but can be located in the basement or elsewhere. 


A.24.21 The use of noncombustible compressed gas to in- 
crease the pressure in a water-filled system is an acceptable test 


procedure. 
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0.10 
0.09 Turbulent zone 
Laminar — Critical Transition 
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3 456 8108 2 3 456 8107 


Reynolds number (Re) 


FIGURE A.22.4.4.5.1 Moody Diagram. 


Table A.22.4.4.5.1 Suggested e-Factor for Aged Pipe 


Hazen-Williams €-Factor 
Pipe C Factor (in.) 
Steel (new) 143 0.0018 
Steel 120 0.004 
Steel 100 0.015 
Copper 150 0.000084 
Plastic 150 0.000084 


For SI units, 1 in. = 25.4 mm. 


A.24.2.1.8 As an example, in a system that had piping at an 
elevation that was 25 ft (7.6 m) higher than the test gauge, an 
acceptable pressure during the hydrostatic test is 189 psi 
(13.03 bar) at the top of the system due to the loss of 11 psi 
(0.76 bar) in elevation pressure [25 ft x 0.433 psi/ft = 11 psi 
(0.76 bar) |. 


A.24.2.1.9 Biocides and other chemicals which are approved 
and used for the prevention and mitigation of MIC, and which 
do not adversely affect the fire-fighting properties of the water 
or the performance of the fire sprinkler system components 
are not prohibited. 
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10 ft (3.1 m) 


'—|— 2 ft (0.62 m) 


oO 


rv 


<— 12 ft (3.72 m) >| 


273 456 8108 


€ 
p = 0.000005 


€ 
5 = 0.000001 


roy 


Ly 


r 


A,=SxL 
= 10 ft x 12 ft 
= 120.0 ft? 
see 8.5.2 


FIGURE A.22.4.4.5.3 Sprinkler Spacing. 
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Slope of 4 in 12 


10.541 ft ee 
Ma 


Figure 
shows actual 
dimension 
parallel to 
slope. 


2.108 ft 


Calculation floor area = 10 ft x 12 ft (See Figure A.22.4.4.5.3) 


FIGURE A.22.4.4.5.6 Determination of Floor Area Under 
Sloped Ceiling/Roof. 


Table A.22.5.4 Extra Hazard Pipe Schedule 


Steel Copper 


lin. 1 sprinkler lin. 1 sprinkler 


1% in. 2 sprinklers 1/4 in. 2 sprinklers 
1% in. 5 sprinklers 1% in. 5 sprinklers 
2 in. 8 sprinklers 2 in. 8 sprinklers 
24% in. 15 sprinklers | 2% in. 20 sprinklers 
3 in. 27 sprinklers 3 in. 30 sprinklers 
3% in. 40 sprinklers 3% in. 45 sprinklers 
4 in. 55 sprinklers 4 in. 65 sprinklers 
5 in. 90 sprinklers 5 in. 100 sprinklers 
6 in. 150 sprinklers | 6 in. 170 sprinklers 


For SI units, 1 in. = 25.4 mm. 


Gauge attached Gauge attached to 


to hydrant to hydrant or pitot tube 
show static and to register flowing 
residual pressures pressure 


Pitot tube —- 


ji 


7 


sa Public main 


FIGURE A.23.2.1 Method of Conducting Flow Tests. 


A.24.2.1.14 Valves isolating the section to be tested might not 
be “drop-tight.” When such leakage is suspected, test blanks of 
the type required in 24.2.1.14 should be used in a manner that 
includes the valve in the section being tested. 


A.24.2.3.2 When the acceptance test is being performed dur- 
ing freezing conditions, a partial flow trip test should be con- 
ducted at that time and the full flow trip test specified should 
be conducted as soon as conditions permit. 


A.24.2.3.2.2 The test criteria are based on the first evidence 
of waterflow to the inspector’s test. Air can be mixed with the 
water for several minutes until the air is completely flushed 
from the system. 


A.24.2.3.2.2.1 Although the time criteria for calculated sys- 
tems is not required to be verified, a test is still required to 


document the initial water delivery for comparison to future 
inspection test requirements. If the time of a single sprinkler 
test outlet exceeds 70 seconds, evaluation of the calculations 
and the system installation might be necessary. 


A.24.2.3.4.2 Measuring the flow during a main drain test is 
not required. 


A.24.5 See Figure A.24.5. 


is designed to discharge at a rate of 


(L/min/m2) of floor area over a maximum area of 


ft2 (m2) when supplied with water at a rate of 
gpm (L/min) at psi (bar) at the base of the riser. 
Hose stream allowance of gpm (L/min) 
is included in the above. 
Occupancy classification 


Commodity classification 


Maximum storage height 


FIGURE A.24.5 Sample Nameplate. 


A.24.6 While the information on this sign is useful during 
an inspection, such use should not be considered a hazard 
assessment based on the requirements of this standard. (See 
Figure A.24.6.) 


A.25.1.3(4) The backbone of the fire protection philosophy 
for U.S. flagged vessels and passenger vessels that trade inter- 
nationally is limiting a fire to the compartment of origin by 
passive means. Materials that do not withstand a I-hour fire 
exposure when tested in accordance with ASTM E 119, Stan- 
dard Test Methods for Five Tests of Building Construction and Mate- 
rials, are considered “heat sensitive.” [See Figure A.25.1.3(4).] 


A.25.1.3(8) Some types of sprinkler systems can closely re- 
semble marine systems, such as a system installed on a floating 
structure that has a permanent water supply connection to a pub- 
lic main. For these types of systems, judgment should be used in 
determining if certain aspects of Chapter 25 are applicable. 


A.25.1.3(9) A marine thermal barrier is typically referred to 
as a B-15 boundary. 


A.25.1.4 In addition to the examples provided in A.5.1, 
Table A.25.1.4 provides additional examples of occupancy 


definitions of typical shipboard spaces. 
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SPRINKLER SYSTEM — GENERAL INFORMATION 
for 

High-piled storage AH Yes (No Date: 

Rack storage: AO Yes O No Flow test data: 

Commodity class: Static: psi 

Max. storage ht ft Resid: psi 

Aisle width (min.) ft Flow: gpm 

Encapsulation Hd Yes ANo Pitot: psi 

Solid shelving: AO Yes O No Date: 

Flammable/ Location: 

combustible liguids: AO Yes O No 

Other storage: Hd Yes ANo 


Location of aux/low point drains: 


Hazardous materials: lJ Yes A No 


Idle pallets: Hd Yes No 

Antifreeze systems Hd Yes ANo 
Location: 

Dry or aux systems Hd Yes ANo Static: 
Location: Residual: 


Name of contractor or designer: 


Original main drain test results: 


psi 
psi 


Address: 


Phone: 


FIGURE A.24.6 Sprinkler System General Information. 


The classifications in Table A.25.1.4 are not meant to be 
applied without giving consideration to the definition of each 
occupancy hazard given in the standard. Table A.25.1.4 is gen- 
eral guidance for classification of typical spaces. Where a space 
is outfitted such that the occupancy definitions indicate that 
another classification would be more appropriate, the most 
representative and most demanding occupancy classification 
should be used. For example, it would certainly be possible to 
outfit a stateroom to require upgrading the occupancy to or- 
dinary hazard, Group 1. 

When a vessel undergoes modifications, alterations, or ser- 
vice changes that significantly affect the fire risk of the occu- 
pancy of one or more compartments, the occupancy classifica- 
tion should be reevaluated to determine if it has changed. 


A.25.1.5 Experience has shown that structures that are partially 
sprinklered can be overrun by well-developed fires originating in 
unsprinklered areas. Therefore, the entire vessel should be sprin- 
klered whenever sprinkler systems are considered. 


A.25.2.1 Sprinklers with a nominal K-factor of 2.8 (40) or less 
coupled with a system strainer minimize the potential for clog- 


ging. 


zi 2010 Edition 


A.25.2.2 Where a marine thermal barrier is penetrated, lim- 
iting the opening around the sprinkler pipe to Me in. 
(1.6 mm) is considered as meeting this requirement. 


A.25.2.4.1 When nonferrous materials are used, consider- 
ation should be given to protecting against galvanic corrosion 
where the nonferrous materials connect to steel pipe. Consid- 
eration should also be given to protection against galvanic cor- 
rosion from pipe hangers in areas of high humidity. 

The piping between the sea chest and the sprinkler zone 
valves are likely to see the frequent flow of saltwater when 
testing. Sprinkler zone piping will rarely, if ever, be exposed to 
saltwater. In such an event, NFPA 25, Standard for the Inspection, 
Testing, and Maintenance of Water-Based Fire Protection Systems, re- 
quires flushing of the piping. Even if the piping is not flushed, 
the saltwater will not be replenished and will lose oxygen con- 
tent in fairly short order. 


Even if galvanized, the failure from corrosion from the in- 
terior of the pipe is likely to be at all threaded connections, 
welded assembly connections, and where brass sprinklers 
thread into ferrous pipe. Only hot dipped galvanized after 
fabrication of assembly (as opposed to simply hot dipped gal- 
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International Shore Connection 


Threads to mate hydrants Threads to mate hydrants 


and hose at shore facilities and hose on ship 
As in. (14 mm) / 
minimum 


m=! y m=! 
ee RRA 


0.75 in. 
(19 mm) 


Shore Ship 
Material: Any suitable for 150 psi Material: Brass or bronze 
(10.3 bar) service (shore) suitable for 150 psi (10.3 bar) 
Flange surface: Flat face service (ship) 
Gasket material: Any suitable for 
150 psi (10.3 bar) service 
Bolts: Four % in. (16 mm) minimum 
diameter, 2 in. (61 mm) long, 
threaded to within 1 in. (25.4 mm) 
of bolt head 
Nuts: Four, to fit bolts 
Washers: Four, to fit bolts 


FIGURE A.25.1.3(4) International Shore Fire Connection. 


vanized pipe and fittings) will protect against some of those 
failures. Hot dipped galvanized after fabrication of assembly is 
practical from the sea chest to the sprinkler manifold where 
spaces are open and pipe is relatively large and uses flanged 
takedown joints instead of threaded unions. Hot dipped galva- 
nized after fabrication of assembly is not practical in the sprin- 
kler zone pipe where it is mainly field fit. 


A.25.2.5.1 When designing supports, the selection and spac- 
ing of pipe supports should take into account the pipe dimen- 
sions, mechanical and physical properties of piping materials 
and supports, operating temperature, thermal expansion ef- 
fects, external loads, thrust forces, vibration, maximum accel- 
erations, differential motions to which the system might be 
subjected, and the type of support. 

The route of the vessel is intended to be descriptive of its 
usual operating area. For example, expected motion of the 
system on an ocean vessel is expected to be considerably 
greater than the motion of a vessel that operates on a river. A 
vessel that operates within the confines of any of the Great 
Lakes is expected to subject the system pipe to greater motion 
than would a vessel that operates on a lake such as Lake Tahoe. 

It is recommended that the designer review the require- 
ments for automatic sprinkler systems that are subject to earth- 
quakes. While it is obvious that shipboard motions and accel- 
erations differ from those that occur during an earthquake, 
the general principle of protecting the piping system against 
damage applies. Individual hanger design, however, will be 
very similar. 

Earthquake protection does not apply to ships; however, 
motions are similar to those that a ship will experience in a 


seaway. The design principles discussed in this section should 
be used as a guide for shipboard system design. 


A.25.2.5.3 Use of heat-sensitive materials for pipe hangers 
and supports might be desirable in some cases. Where heat- 
sensitive materials are used, the hangers and supports should 
be adequately protected by either the direct application of 
insulation or installation behind a marine thermal barrier. In- 
sulation materials applied directly to hangers should be insu- 
lated in accordance with the method provided in Society of 
Naval Architects and Marine Engineers Technical Research 
Bulletin 2-21, “Aluminum Fire Protection Guidelines.” 


A.25.2.5.4 Consideration should be given to increasing the size 
of rods and U-hooks as necessary, to account for service and op- 
erational loading, including ship motion and vibrations. 


A.25.2.6.1 Shipboard installations will normally require 
more than one valve per water supply. Locking valves in the 
open position is not an acceptable substitute for the require- 
ment of 25.2.6.1 but can be done in addition to the supervi- 
sion requirement. 


A.25.2.7.1 International Shore Connections are portable uni- 
versal couplings that permit connections of shipboard sprinkler 
or firemain systems between one ship and another or between a 
shore facility and a ship. Both the ship and the shore facility are 
expected to have an international shore connection fitting such 
that in an emergency they can be attached to their respective fire 
hoses and bolted together to permit charging the ship’s system. It 
must be portable to accommodate hose-to-hose connection and 
allow assistance from any position. 


Installation of an additional fire boat connection might be 
required on-board vessels whose route is such that regular access 
to fire boats is possible. An additional fire boat connection might 
not be necessary where fire boats are equipped to connect to the 
regular fire department connection. (See A.25.2.7.7.) 


A.25.2.7.7 Selection of the pipe thread for the fire depart- 
ment connection should be done very carefully. It is recom- 
mended that a 24% in. (63.5 mm) siamese connection with 
National Standard Hose Thread be used since a majority of 
fire department hose lines will be compatible with this thread. 
However, it must be noted that some fire jurisdictions might 
not be compatible with a connection of this type. Serious con- 
sideration should be given to the vessel’s typical operating 
area. Precautions and planning should avert the possibility of 
the vessel being forced ashore by fire at a location where the 
fire department equipment is not compatible with this con- 
nection. Carriage of extra fittings and pre-voyage arrange- 
ments with all applicable jurisdictions should be considered. 
The international shore connection is required to ensure that 
all vessels fitted with sprinkler systems have at least one type of 
common connection. 


A.25.3.1 Special consideration should be given to the installa- 
tion of relief valves in all wet pipe systems. Ambient ship tempera- 
tures can vary greatly depending on operating environment, du- 
ration of voyage, and failure of climate control systems. 


A.25.4.2 Areas fitted primarily with multiple staterooms and 
corridors should be considered sleeping accommodation areas. 


A.25.4.4 If combustibles are present such that they constitute 
a threat, the space should be sprinklered. One example would 
be the presence of large bundles of unsheathed computer or 
electrical cable. Typical amounts of lighting or control cabling 
should not be considered to constitute a fire threat. 
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Table A.25.1.4 Examples of Shipboard Space Occupancy Classification 


Space Types Included 
Occupancy Type CFR? SOLAS? Examples 
Light hazard 1°, 2, 3, 4,5, 6,7,89,13 1°, 2, 3, 4, 5, 6, 7, 8,9 Accommodation spaces 


Ordinary hazard (Group 1) 84, 94 


Ordinary hazard (Group 2) 97 117 


Extra hazard (Group 1) 1,9 10, 119 
1,9 10, 119 


Extra hazard (Group 2) 


“ Space-type designations are given in 46 CFR 72.05-5. 


12, 134 


199 131 


1,199,139 


1, 12%, 139 


Small pantries 
Galleys 
Storage areas 
Sales shops 
Laundries 
Pantries with significant storage 
Sales shops 
Storage areas 
Stages (with sets) 
Machine shops 
Auxiliary machinery — limited combustible 
liquids 
Steering rooms— combustible hydraulic 
fluid in use" 
Auxiliary machinery — with combustible 
liquids 
Machinery spaces“ 


P Space-type designations are given in the International Convention for the Safety of Life at Sea, 1974 (SOLAS 74), 


as amended, regulations 1I-2/3 and II-2/26. 


“Primarily for accommodation-type control stations, such as the wheel house, which would not include 


generator rooms or similar-type spaces. 


“Depends on storage type, quantity, and height and distance below sprinkler. 
“ Automatic sprinklers typically will not be the primary means of protection in these areas; total flooding 


systems are usually used. 


A.25.4.10.1(4) Because of its melting point, brazing would be 
considered heat sensitive. The criterion of this paragraph is 
intended to permit brazed joints without requiring that they 
be installed behind a marine thermal barrier, while maintain- 
ing the fire endurance as stated in 25.4.10.1 under reasonably 
foreseeable failure modes. 


A.25.4.12.1 While not required, a dual annunciator alarm 
panel system is recommended. One panel should show the pip- 
ing system layout and indicate status of zone valves, tank pres- 
sures, water supply valves, pump operation, and so forth. The 
second panel should show the vessel’s general arrangement and 
indicate status of waterflow (i.e., fire location) alarms. 


A.25.5.2 For example, a design area of 1500 ft? (139.3 m°) is 
used to design a sprinkler system for an unobstructed light 
hazard occupancy. In this case, the system must supply at least 
seven sprinklers that are installed within that area. If eight 
sprinklers are installed to protect windows within this design 
area, the water demand of these sprinklers is added to the 
total water demand. Thus, 15 sprinklers must be supplied by 
this system. 


A.25.5.3 Hose stream flow need not be added to the water 
demand. The water supply for fire streams is supplied by sepa- 
rate fire pump(s) that supply the vessel’s fire main. 


A.25.6.4 In vessels, the elevation of sprinklers with respect to 
the water supply varies as the vessel heels to either side or trims by 
the bow or stern. The water demand requirements can be in- 
creased or decreased under these conditions. This requirement 
aligns the operational parameters of this safety system with that 
required for other machinery vital to the safety of the vessel. 
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A.25.7.2.7 The purpose of this reguirement is to ensure that 
the pressure tank air supply will not keep the tank “fully” pressur- 
ized while water is expelled, thus preventing pump actuation. 


A.25.7.3.3 NFPA 20, Standard for the Installation of Stationary 
Pumps for Five Protection, requires that fire pumps furnish not 
less than 150 percent of their rated capacity at not less than 
65 percent of their rated heat. The intention of the require- 
ment of 25.7.3.3 is to limit designers to 120 percent of the 
rated capacity of the pump to provide an additional factor of 
safety for marine systems. 


A.25.7.3.12.2(1) Pumps should not be located within the 
same compartment. However, where this is not reasonable or 
practical, special attention should be given to protecting 
pumps such that a single failure will not render the sprinkler 
system inoperative. [See Figure A.25.7.3.12.2(1).] 


A.25.7.3.13 See Figure A.25.7.3.13. 


A.25.7.4.6 This procedure should be used to qualify each wa- 
ter supply to which the vessel is to be attached. For example, 
this might require testing of multiple hydrants or connections 
in the same mooring area. The pressure loss effect of the hose 
or piping leading from the water supply to the ship should also 
be considered when qualifying each hydrant. 


A.26.1 Impairments. Before shutting off a section of the fire 
service system to make sprinkler system connections, notify 
the authority having jurisdiction, plan the work carefully, and 
assemble all materials to enable completion in the shortest 
possible time. Work started on connections should be com- 
pleted without interruption, and protection should be re- 
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stored as promptly as possible. During the impairment, pro- 
vide emergency hose lines and extinguishers and maintain 
extra watch service in the areas affected. 

When changes involve shutting off water from any consid- 
erable number of sprinklers for more than a few hours, tem- 
porary water supply connections should be made to sprinkler 
systems so that reasonable protection can be maintained. In 
adding to old systems or revamping them, protection should 
be restored each night so far as possible. The members of the 


private fire brigade as well as public fire departments should 
be notified as to conditions. 

Maintenance Schedule. The items shown in Table A.26.1 
should be checked on a routine basis. 


A.26.2 The presence of a sprinkler system and components 
creates a reasonable expectation by the public that these safety 
features are functional. When systems are inoperable or taken 
out of service but the devices remain, they present a false sense 


Fire department 


shore con 


Pressure tank 


Backflow 
preventor 


sv Tank fill 


Fresh water 


Primary 
fire 


nection 


International 
shore 
connection 


»4 


Flow-measuring 
device 


M 


From sea chest 


pump 


—— Check valve 
te Supervised normally open gate valve 
—xt Normally closed gate valve 


To system 


Flow test 
overboard 


FIGURE A.25.7.3.12.2(1) Abbreviated Example of a Dual Fire Pump Water Supply. 


Fire department 
shore connection 


Pressure tank 


Backflow 
preventor 


Fresh water 


Primary 


International 


fire 
pump 


From sea chest 


device 


From fire main 


Automatically operated, 
normally closed gate valve 


—— Check valve 


— xt Normally closed gate valve —)€— Supervised, normally 
open gate valve 


FIGURE A.25.7.3.13 Abbreviated Example of a Water Supply with 


Flow-measuring 


shore 
connection 
To system 
Flow test 
overboard 
Fire Pump Backup. 
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Table A.26.1 Maintenance Schedule 


Parts Activity Frequency 
Flushing piping Test 5 years 
Fire department connections Inspection Monthly 
Control valves Inspection Weekly — sealed 
Inspection Monthly — locked 
Inspection Monthly — tamper switch 


Maintenance Yearly 


Main drain Flow test Quarterly — annual 
Open sprinklers Test Annually 
Pressure gauge Calibration test 

Sprinklers Test 50 years 
Sprinklers — high-temperature Test 5 years 
Sprinklers — residential Test 20 years 
Waterflow alarms Test Quarterly 
Preaction/deluge detection system Test Semiannually 
Preaction/deluge systems Test Annually 
Antifreeze solution Test Annually 


Cold weather valves 
Dry/preaction/deluge systems 


Open and close valves Fall, close; spring, open 


Air pressure and water pressure Inspection Weekly 

Enclosure Inspection Daily — cold weather 

Priming water level Inspection Quarterly 

Low-point drains Test Fall 

Dry pipe valves Trip test Annually — spring 

Dry pipe valves Full flow trip 3 years — spring 
Quick-opening devices Test Semiannually 

of safety. Also, before taking any part of a sprinkler system out (2) The flow-declining pressure characteristic of water sup- 


of service, extreme care needs to be exercised to ensure that 
the system is not required, was not originally provided as an water source. This characteristic similarly produces 
alternative or equivalent, or is no longer required due to other higher than design discharge at the initially operating 
new requirements in the current codes and standards. It is not sprinklers. 

intended that the entire system or all components be re- 
moved. Instead, components such as sprinklers, initiating de- 
vices, notification appliances, and standpipe hose should be 
removed to reduce the likelihood of relying on inoperable 
systems or features. Control valves and other components that 
are allowed to be abandoned in place should have operating 


plies, which is particularly steep where fire pumps are the 


The user of these standards can elect an additional factor 
of safety if the inherent factors are not considered adequate. 


Š 5 i eee: i i To buildin 
mechanisms removed and be painted a unigue color to indi- Fire protection E Fire 
cate that they are no longer in service. connecion Domestic protection 
connection connection 
Annex B Miscellaneous Topics pT 
This annex is not a part of the requirements of this NFPA document Domestic <i 
but is included for informational purposes only. connection 


B.1 Figure B.1 shows acceptable methods for interconnec- 
tion of the fire protection and domestic water supply. 


B.2 Sprinkler System Performance Criteria. 
Connection within 
building 


B.2.1 Sprinkler system performance criteria have been based 
on test data. The factors of safety are generally small, are not 
definitive, and can depend on expected (but not guaranteed) 
inherent characteristics of the sprinkler systems involved. 
These inherent factors of safety consist of the following: 


4 


(1) The flow-declining pressure characteristic of sprinkler sys- Water supply main 
tems whereby the initial operating sprinklers discharge at 
a higher flow than with all sprinklers operating within the FIGURE B.1 Permitted Arrangements Between the Fire Pro- 


designated area. tection Water Supply and the Domestic Water Supply. 
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B.2.1.1 Performance-specified sprinkler systems, as opposed 
to scheduled systems, can be designed to take advantage of 
multiple loops or gridded configurations. Such configurations 
result in minimum line losses at expanded sprinkler spacing, 
in contrast to the older tree-type configurations, where advan- 
tage cannot be taken of multiple path flows. 

Where the water supply characteristics are relatively flat 
with pressures being only slightly above the required sprinkler 
pressure at the spacing selected, gridded systems with piping 
designed for minimal economic line losses can all but elimi- 
nate the inherent flow-declining pressure characteristic gener- 
ally assumed to exist in sprinkler systems. In contrast, the eco- 
nomic design of a tree-type system would likely favor a system 
design with closer sprinkler spacing and greater line losses, 
demonstrating the inherent flow-declining pressure charac- 
teristic of the piping system. 

Elements that enter into the design of sprinkler systems 
include the following: 


(1) Selection of density and area of application 

(2) Geometry of the area of application (remote area) 

(3) Permitted pressure range at sprinklers 

(4) Determination of the water supply available 

(5) Ability to predict expected performance from calculated 
performance 

(6) Future upgrading of system performance 

(7) Size of sprinkler systems 


In developing sprinkler specifications, each of these ele- 
ments needs to be considered individually. The most conser- 
vative design should be based on the application of the most 
stringent conditions for each of the elements. 


B.2.1.2 Selection of Density and Area of Application. Specifi- 
cations for density and area of application are developed from 
NFPA standards and other standards. It is desirable to specify 
densities rounded upward to the nearest 0.005 gpm/ft? 
(0.2 mm/min). 

Prudent design should consider reasonable-to-expect varia- 
tions in occupancy. This design would include not only varia- 
tions in type of occupancy but also, in the case of warehousing, 
the anticipated future range of materials to be stored, clear- 
ances, types of arrays, packaging, pile height, and pile stability, 
as well as other factors. 

Design should also consider some degree of adversity at the 
time of a fire. To take this into account, the density and/or 
area of application can be increased. Another way is to use a 
dual-performance specification where, in addition to the nor- 
mal primary specifications, a secondary density and area of 
application are specified. The objective of such a selection is 
to control the declining pressure-flow characteristic of the 
sprinkler system beyond the primary design flow. 

A case can be made for designing feed and cross mains to 
lower velocities than branch lines to achieve the same result as 
specifying a second density and area of application. 


B.2.1.3 Geometry of the Area of Application (Remote Area). 
It is expected that, over any portion of the sprinkler system 
equivalent in size to the area of application, the system will 
achieve the minimum specified density for each sprinkler 
within that area. 

Where a system is computer-designed, ideally the program 
should verify the entire system by shifting the area of applica- 
tion the equivalent of one sprinkler at a time so as to cover all 
portions of the system. Such a complete computer verification 
of performance of the system is most desirable, but unfortu- 


nately not all available computer verification programs cur- 
rently do this. 


This selection of the proper Hazen—Williams coefficient is 
important. New unlined steel pipe has a Hazen—Williams coef- 
ficient close to 140. However, it quickly deteriorates to 130 
and, after a few years of use, to 120. Hence, the basis for nor- 
mal design is a Hazen—Williams coefficient of 120 for steel- 
piped wet systems. A Hazen—Williams coefficient of 100 is gen- 
erally used for dry pipe systems because of the increased 
tendency for deposits and corrosion in these systems. How- 
ever, it should be realized that a new system will have fewer 
line losses than calculated, and the distribution pattern will be 
affected accordingly. 


Conservatism can also be built into systems by intentionally 
designing to a lower Hazen—Williams coefficient than that in- 
dicated. 


B.2.1.4 Ability to Predict Expected Performance from Calcu- 
lated Performance. Ability to accurately predict the perfor 
mance of a complex array of sprinklers on piping is basically a 
function of the pipe line velocity. The greater the velocity, the 
greater is the impact on difficult-to-assess pressure losses. 
These pressure losses are presently determined by empirical 
means that lose validity as velocities increase. This is especially 
true for fittings with unequal and more than two flowing ports. 


The inclusion of velocity pressures in hydraulic calcula- 
tions improves the predictability of the actual sprinkler system 
performance. Calculations should come as close as practicable 
to predicting actual performance. Conservatism in design 
should be arrived at intentionally by known and deliberate 
means. It should not be left to chance. 


B.2.1.5 Future Upgrading of System Performance. It is desir- 
able in some cases to build into the system the capability to 
achieve a higher level of sprinkler performance than needed 
at present. If this is to be a consideration in conservatism, 
consideration needs to be given to maintaining sprinkler op- 
erating pressures on the lower side of the optimum operating 
range and/or designing for low pipeline velocities, particu- 
larly on feed and cross mains, to facilitate future reinforce- 
ment. 


B.3 Effect of Clearance to Ceiling on Sprinkler Performance. 
The problems with large clearances to ceiling were well recog- 
nized by the 1970s in terms of the effect both on delayed sprin- 
kler activation and on the effect on droplet penetration 
through the fire plume. The work of Alpert (1972, 1975), 
Heskestad and Delichatsios (1979), and Beyler (1984) clearly 
identified the effect of clearance to ceiling on detection and 
activation of sprinklers. This was supplemented by the work of 
Heskestad and Smith (1976) in which the thermal responsive- 
ness of sprinklers was studied and modeled. Similarly, the ef- 
fect of the strong plumes resulting from large clearances to 
ceiling and highly challenging fires was recognized in the 
1970s through the work of Yao and Kalelkar (1970), Yao 
(1976), and Yao (1980). This understanding was reflected in 
the development of large drop sprinklers in the 1970s [Yao 
(1997) ]. The inability of Yin. and !%: in. standard sprinklers 
to penetrate high-challenging fires was well understood and 
demonstrated in the 1970s [Yao (1976) ]. The effect of exces- 
sive clearance was also demonstrated in the testing summa- 
rized in Annex C. 


This understanding of the role of clearance to ceiling on 
fire performance had a strong effect on the development of 
advanced sprinkler technologies. 
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Annex C Explanation of Test Data and Procedures 
for Rack Storage 


This annex is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 


C.1 Annex C provides an explanation of the test data and 
procedures that led to the development of sprinkler system 
discharge criteria for rack storage applications. Numbers in 
brackets refer to paragraphs in the text. 


C.2 [5.6] A review of full-scale fire tests run on the standard 
commodity (double tri-wall carton with metal liner), of Hall- 
mark products and 3M products (e.g., abrasives, pressure- 
sensitive tapes of plastic fiber, and paper), and of the consid- 
erable number of commodity tests conducted provides a 
guide for commodity classifications. Such guidance is not re- 
lated to any other method of classification of materials; there- 
fore, sound engineering judgment and analysis of the com- 
modity and the packaging should be used when selecting a 
commodity classification. 


C.3 [8.13.3.1] Tests 71, 73, 81, 83, 91, 92, 95, and 100 in the 
20 ft (6.1 m) high array involving a single level of in-rack sprin- 
klers were conducted without heat or water shields. Results 
were satisfactory. 

Test 115 was conducted with two levels of sprinklers in racks 
with shields. Test 116, identical to Test 115 but without water 
shields, produced a lack of control. Visual observation of lower 
level in-rack sprinklers that did not operate although they 
were in the fire area indicated a need for water shields. 

Tests 115 and 116 were conducted to investigate the neces- 
sity for water shields where multiple levels of in-rack sprinklers 
are installed. Where water shields were not installed in Test 
116, the fire jumped the aisle, and approximately 76 boxes 
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were damaged. In Test 115 with water shields, the fire did not 
jump the aisle, and only 32 boxes were damaged. Water shields 
are, therefore, suggested wherever multiple levels of in-rack 
sprinklers are installed, except for installations with horizontal 
barriers or shelves that serve as water shields. 


C.4 [8.17.1.7] The time of operation of the first sprinkler var- 
ied from 52 seconds to 3 minutes and 55 seconds, with most 
tests under 3 minutes, except in Test 64 (Class III), where the 
first sprinkler operated in 7 minutes and 44 seconds. Fire de- 
tection more sensitive than waterflow is, therefore, considered 
necessary only in exceptional cases. 


C.5 [8.17.5.1] In most tests conducted, it was necessary to use 
small hose for mop-up operations. Small hose was not used in 
the high-expansion foam test. 


Test 97 was conducted to evaluate the effect of dry pipe 
sprinkler operation. Test results were approximately the same 
as the base test with a wet pipe system. A study of NFPA records, 
however, indicates an increase in area of operation of 30 per- 
cent to be in order for dry pipe systems as compared with wet 
pipe systems. 


C.6 [12.1.1] Tests were conducted as a part of this program 
with eave line windows or louvers open to simulate smoke and 
heat venting. These tests opened 87.5 percent and 91 percent 
more sprinklers than did comparative tests without windows 
or louvers open. Venting tests that have been conducted in 
other programs were without the benefit of sprinkler protec- 
tion and, as such, are not considered in this report, which 
covers only buildings protected by sprinklers. The design 
curves are based upon the absence of roof vents or draft cur- 
tains in the building. During mop-up operations, ventilating 
systems, where installed, should be capable of manual exhaust 
operations. 


C.7 [12.12.1.3] No tests were conducted with idle pallets in 
racks using standard spray sprinklers. However, tests were con- 
ducted using ESFR and large drop sprinklers. Such storage 
conceivably would introduce fire severity in excess of that con- 
templated by protection criteria for an individual commodity 
classification. 


C.8 [14.1.1, 15.1.1, 16.2.1.3.5, 17.2.1.8] In all valid tests with 
double-row racks, sprinkler water supplies were shut off at ap- 
proximately 60 minutes. In only one test did the last sprinkler 
operate in excess of 30 minutes after ignition; the last sprin- 
kler operated in excess of 25 minutes in three tests, with the 
majority of tests involving the last sprinkler operating within 
20 minutes. 


C.9 [16.1.1 and 17.1.1] The discharge criteria of Section 12.3 
uses as a basis the large-scale fire test series conducted at the 
Factory Mutual Research Center, West Glocester, Rhode Island. 

The test building is approximately 200 ft x 250 ft (61 m 
x 76 m) [50,000 ft? (4,645 m?) in area], of fire-resistive construc- 
tion, and contains a volume of approximately 2.25 million ft? 
(63,720 m3), the eguivalent of a 100,000 ft? (9,290 mî) building 
that is 22.5 ft (6.86 m) high. The test building has two primary 
heights beneath a single large ceiling. The east section is 30 ft 
(9.1 m) high, and the west section is 60 ft (18.29 m) high. 

The test series for storage height of 20 ft (6.1 m) was con- 
ducted in the 30 ft (9.1 m) section with clearances from the 
top of storage to the ceiling nominally 10 ft (3.1 m). 
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Doors at the lower and intermediate levels and ventilation 
louvers at the tops of walls were kept closed during the major- 
ity of the fire tests, which minimized the effect of exterior 
conditions. 

The entire test series was fully instrumented with thermo- 
couples attached to rack members, simulated building col- 
umns, bar joists, and the ceiling. 

Racks were constructed of steel vertical and horizontal 
members designed for 4000 Ib (1814 kg) loads. Vertical mem- 
bers were 8 ft (2.4 m) on center for conventional racks and 4 ft 
(1.2 m) on center for simulated automated racks. Racks were 
3% ft (1.07 m) wide with 6 in. (152.4 mm) longitudinal flue 
space for an overall width of 7% ft (2.29 m). Simulated auto- 
mated racks and slave pallets were used in the main central 
rack in the 4 ft (1.2 m) aisle tests. Conventional racks and 
conventional pallets were used in the main central rack in the 
8 ft (2.4 m) aisle tests. The majority of the tests were con- 
ducted with 100 ft? (9.29 m°) sprinkler spacing. 

The test configuration for storage heights of 15 ft (4.6 m), 
20 ft (6.1 m), and 25 ft (7.6 m) covered an 1800 ft? (167.2 më) 
floor area, including aisles between racks. Tests that were used 
in producing this standard limited fire damage to this area. 
The maximum water damage area anticipated in the standard 
is 6000 ft? (557.4 m°), the upper limit of the design curves. 

The test data show that, as density is increased, both the 
extent of fire damage and sprinkler operation are reduced. 
The data also indicate that, with sprinklers installed in the 
racks, a reduction is gained in the area of fire damage and 
sprinkler operations (e.g., water damage). 

Table C.9 illustrates these points. The information shown 
in the table is taken from the test series for storage height of 
20 ft (6.1 m) using the standard commodity. 

The fact that there is a reduction in both fire damage and 
area of water application as sprinkler densities are increased 
or where sprinklers are installed in racks should be considered 
carefully by those responsible for applying this standard to the 
rack storage situation. 

In the test for storage height of 25 ft (7.6 m), a density of 
0.55 gpm/ft? (22.4 mm/min) produced 42 percent, or 756 ft? 
(70.26 më), fire damage in the test array and a sprinkler- 
wetted area of 1400 ft? (130.1 m?). Lesser densities would not 
be expected to achieve the same limited degree of control. 
Therefore, if the goal of smaller areas of fire damage is to be 
achieved, sprinklers in racks should be considered. 

The test series for storage height over 25 ft (7.6 m) was 
conducted in the 60 ft (18.3 m) section of the test building 


with nominal clearances from the top of storage to the ceiling 
of either 30 ft (9.1 m) or 10 ft (3.1 m). 

Doors at the lower and intermediate levels and ventilation 
louvers at the top of walls were kept closed during the fire 
tests, which minimized the effect of exterior wind conditions. 

The purpose of the tests for storage height over 25 ft (7.6 m) 
was to accomplish the following: 


(1) Determine the arrangement of in-rack sprinklers that can 
be repeated as pile height increases and that provide con- 
trol of the fire 

(2) Determine other protective arrangements, such as high- 
expansion foam, that provide control of the fire 


Control was considered to have been accomplished if the 
fire was unlikely to spread from the rack of origin to adjacent 
racks or spread beyond the length of the 25 ft (7.6 m) test 
rack. To aid in this judgment, control was considered to have 
been achieved if the fire failed to exhibit the following charac- 
teristics: 


(1) Jump the 4 ft (1.2 m) aisles to adjoining racks 
(2) Reach the end face of the end stacks (north or south 
ends) of the main rack 


Control is defined as holding the fire in check through the 
extinguishing system until the commodities initially involved 
are consumed or until the fire is extinguished by the extin- 
guishing system or manual aid. 

The standard commodity as selected in the 20 ft (6.1 m) 
test series was used in the majority of tests for storage over 25 ft 
(7.6 m). Hallmark products and 3M products described in the 
20 ft (6.1 m) test series report also were used as representative 
of Class III or Class IV commodities, or both, in several tests. 
The results of privately sponsored tests on Hallmark products 
and plastic encapsulated standard commodities also were 
made available to the committee. 

A 25 ft (7.6 m) long test array was used for the majority of 
the tests for storage over 25 ft (7.6 m). The decision to use 
such an array was made because it was believed that a fire in 
racks over 25 ft (7.6 m) high that extended the full length ofa 
50 ft (15.24 m) long rack could not be considered controlled, 
particularly as storage heights increased. 

One of the purposes of the tests was to determine arrange- 
ments of in-rack sprinklers that can be repeated as pile height 
increases and that provide control of the fire. The tests for 
storage height of 30 ft (9.1 m) explored the effect of such 
arrays. Many of these tests, however, produced appreciable 


Table C.9 Summary of Relationship Between Sprinkler Discharge Density and the 


Extent of Fire Damage and Sprinkler Operation 


Fire Damage in 


Test Array 
Sprinkler Operation 
Density (gpm/ft) % ft? (165°F) Area (ft?) 

0.30 (ceiling only) 22 395 4500-4800 
0.375 (ceiling only) 17 306 1800 

0.45 (ceiling only) 9 162 700 

0.20 (ceiling only) 28-36 504-648 13,100-14,000 
0.20 (sprinklers at ceiling and in racks) 8 144 4100 

0.30 (sprinklers at ceiling and in racks) 7 126 700 


For SI units, 1 ft = 0.3048 m; °C = %(°F- 32); 1 gpm/ ft? - 40.746 mm/min. 
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fire spread in storage in tiers above the top level of protection 
within the racks. (In some cases, a total burnout of the top 
tiers of both the main rack and the target rack occurred.) In 
the case of the 30 ft (9.1 m) Hallmark Test 134 on the 60 ft 
(18.3 m) site, the material in the top tiers of storage burned 
vigorously, and the fire jumped the aisle above the fourth tier. 
The fire then burned downward into the south end of the 
fourth tier. In the test on the floor, a nominal 30 ft (9.1 m) 
clearance occurred between the top of storage and the ceiling 
sprinklers, whereas on the platform this clearance was re- 
duced to nominal 10 ft (3.1 m). In most cases, the in-rack 
sprinklers were effective in controlling fire below the top level 
of protection within the racks. It has been assumed by the Test 
Planning Committee that, in an actual case with a clearance of 
10 ft (3.1 m) or less above storage, ceiling sprinklers would be 
expected to control damage above the top level of protection 
within the racks. Tests have been planned to investigate lesser 
clearances. 

Tests 114 and 128 explore the effect of changing the igni- 
tion point from the in-rack standard ignition point to a face 
ignition location. It should be noted, however, that both of 
these tests were conducted with 30 ft (9.1 m) clearance from 
the ceiling sprinklers to the top of storage and, as such, ceiling 
sprinklers had little effect on the fire in the top two tiers of 
storage. Firespread in the three lower tiers is essentially the 
same. A similar change in the firespread where the ignition 
point is changed was noted in Tests 126 and 127. Once again, 
30 ft (9.1 m) clearance occurred between the top of storage 
and the ceiling sprinklers, and, as such, the ceiling sprinklers 
had little effect on the face fire. Comparisons of Tests 129, 130, 
and 131 in the test series for storage height of 50 ft (15.24 m) 
indicate little effect of point of ignition in the particular con- 
figuration tested. 

Test 125, when compared with Test 133, indicates no sig- 
nificant difference in result between approved low-profile 
sprinklers and standard sprinklers in the racks. 


C.10 [16.1.7 and 17.1.4] Temperatures in the test column 
were maintained below 1000°F (538°C) with densities, of roof 
ceiling sprinklers only, of 0.375 gpm/ft? (15.3 mm/min) with 
8 ft (2.4 m) aisles and 0.45 gpm/ft? (18.3 mm/min) with 4 ft 
(1.2 m) aisles using the standard commodity. 


C.11 [16.1.6.1 and 17.1.5.1] Test 98 with solid shelves 24 ft 
(7.3 m) long and 7% ft (2.3 m) deep at each level produced 
total destruction of the commodity in the main rack and 
jumped the aisle. Density was 0.3 gpm/ft? (12.2 mm/min) 
from the ceiling sprinklers only. Test 108 with shelves 24 ft 
(7.3 m) long and 3% ft (1.07 m) deep and with a 6 in. 
(152.4 mm) longitudinal flue space and one level of sprinklers 
in the rack resulted in damage to most of the commodity in 
the main rack but did not jump the aisle. Density from ceiling 
sprinklers was 0.375 gpm/ft” (15.3 mm/min), and rack sprin- 
klers discharged at 15 psi (1 bar). 

These tests did not yield sufficient information to develop a 
comprehensive protection standard for solid shelf racks. Items 
such as increased ceiling density, use of bulkheads, other con- 
figurations of sprinklers in racks, and limitation of shelf length 
and depth should be considered. 

Where such rack installations exist or are contemplated, 
the damage potential should be considered, and sound engi- 
neering judgment should be used in designing the protection 
system. 
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Test 98, with solid shelving obstructing both the longitudi- 
nal and transverse flue space, produced unsatisfactory results 
and indicates a need for sprinklers at each level in such a rack 
structure. 


Test 147 was conducted with ceiling sprinklers only. Density 
was 0.45 gpm/ft? (18.3 mm/min) with a sprinkler spacing of 
100 ft? (9.29 m?). A total of 47 sprinklers opened, and 83 per- 
cent of the commodity was consumed. The fire jumped both 
aisles and spread to both ends of the main and target racks. 
The test was considered unsuccessful. 


Test 148 was conducted with ceiling sprinklers and in-rack 
sprinklers. In-rack sprinklers were provided at each level (top of 
first, second, and third tiers) and were located in the longitudinal 
flue. They were directly above each other and 24 ft (7.3 m) on 
center or 22 ft (6.7 m) on each side of the ignition flue. Ceiling 
sprinkler discharge density was 0.375 gpm/ft” (15.3 mm/min). 
In-rack sprinkler discharge pressure was 30 psi (2.1 bar). A total 
of 46 ceiling sprinklers and three in-rack sprinklers opened, and 
34 percent of the commodity was consumed. The fire consumed 
most of the material between the in-rack sprinklers and jumped 
both aisles. 


C.12 [16.1.7 and 17.1.6] Fire tests with open-top containers in 
the upper tier of storage and a portion of the third tier of 
storage produced an increase in sprinkler operation from 36 
to 41 sprinklers and a more pronounced aisle jump and in- 
crease in firespread in the main array. The smooth underside 
of the containers closely approximates fire behavior of slave 
pallets. 

Installation of in-rack sprinklers or an increase in ceiling 
sprinkler density should be considered. 


C.13 [16.1.10 and 17.1.9] Test 80 was conducted to determine 
the effect of closing back-to-back longitudinal 6 in. (152.4 mm) 
flue spaces in conventional pallet racks. Test results indicated 
fewer sprinklers operating than with the flue space open, and, as 
such, no minimum back-to-back clearance is necessary if the 
transverse flue space is kept open. 

Tests 145 and 146 were conducted to investigate the influence 
of longitudinal and transverse flue dimensions in double-row 
racks without solid shelves. Results were compared with Tests 65 
and 66. Flue dimensions in Tests 65, 66, 145, and 146 were 6 in. 
(152.4 mm), 6 in. (152.4 mm), 3 in. (76.2 mm), and 12 in. 
(0.3 m), respectively. All other conditions were the same. 

In Tests 65 and 66, 45, and 48, sprinklers operated compared 
with 59 and 58 for Tests 145 and 146, respectively. Fire damage in 
Tests 145 and 146 was somewhat less than in Tests 65 and 66; 
2100 ft? (59.51 m?) and 1800 ft? (51 më) in Tests 145 and 146, 
respectively, versus 2300 ft? (65.13 m?) and 2300 ft? (65.13 m) in 
Tests 65 and 66, respectively, of combustible material were con- 
sumed. 


Test results indicate narrow flue spaces of about 3 in. 
(76.2 mm) allow reasonable passage of sprinkler water 
down through the racks. 

Tests 96 and 107, on multiple-row racks, used 6 in. 
(152.4 mm) transverse flue spaces. The water demand recom- 
mended in the standard is limited to those cases with nominal 
6 in. (152.4 mm) transverse flues in vertical alignment. 


C.14 [16.2.1.3.1] Tests 65 and 66, compared with Test 69, 
and Test 93, compared with Test 94, indicated a reduction 
in areas of application of 44.5 percent and 45.5 percent, 
respectively, with high temperature-rated sprinklers as 
compared with ordinary temperature-rated sprinklers. 
Other extensive Factory Mutual tests produced an average 
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reduction of 40 percent. Design curves are based on this 
area reduction. In constructing the design curves, the high- 
temperature curves above 3600 ft” (334.6 m”) of applica- 
tion, therefore, represent 40 percent reductions in area of 
application of the ordinary temperature curves in the 
6000 ft? to 10,000 ft? (557.6 m° to 929.41 m?) range. 


Test 84 indicated the number of intermediate temperature- 
rated sprinklers operating is essentially the same as ordinary 
temperature-rated sprinklers. 


C.15 [16.2.1.3.2.1] Tests were not conducted with aisles wider 
than 8 ft (2.4m) or narrower than 4 ft (1.2 m). It is, therefore, not 
possible to determine whether lower ceiling densities should be 
used for aisle widths greater than 8 ft (2.4 m) or if higher densi- 
ties should be used for aisle widths less than 4 ft (1.2 m). 


C.16 [16.2.4.2.3] In one 20 ft (6.1 m) high test, sprinklers 
were buried in the flue space 1 ft (0.3 m) above the bottom of 
the pallet load, and results were satisfactory. Coverage of aisles 
by in-rack sprinklers is, therefore, not necessary, and distribu- 
tion across the tops of pallet loads at any level is not necessary 
for the occupancy classes tested. 


C.17 [16.2.4.2.6] In all tests with in-rack sprinklers, obstruc- 
tions measuring 3 in. x 3 ft (76.2 mm x 0.3 m) were introduced 
on each side of the sprinkler approximately 3 in. (76.2 mm) 
from the sprinkler to simulate rack structure member obstruc- 
tion. This obstruction had no effect on sprinkler performance 
in the 20 ft (6.1 m) high tests. 

Tests 103, 104, 105, and 109 in the 30 ft (9.1 m) high test 
with in-rack sprinklers obstructed by rack uprights produced 
unsatisfactory results. Tests 113, 114, 115, 117, 118, and 120 in 
the 30 ft (9.1 m) high test series with in-rack sprinklers located 
a minimum of 2 ft (0.61 m) from rack uprights produced im- 
proved results. 


C.18 [16.2.4.3] In all except one case, using the standard 
commodity with one line of sprinklers installed in racks, only 
two sprinklers opened. In the one exception, two sprinklers 
opened in the main rack, and two sprinklers opened in the 
target rack. 


C.19 [16.2.4.4 and 17.2.4.4] Operating pressures were 15 psi 
(1 bar) on all tests of sprinklers in racks with storage 20 ft 
(6.1 m) high and 30 psi (2.1 bar) for storage 30 ft (9.1 m) and 
50 ft (15.24 m) high. 

Tests 112 and 124 were conducted to compare the effect of 
increasing sprinkler discharge pressure at in-rack sprinklers 
from 30 psi to 75 psi (2.1 bar to 5.2 bar). With the higher 
discharge pressure, the fire did not jump the aisle, and dam- 
age below the top level of protection within the racks was 
somewhat better controlled by the higher discharge pressure 
of the in-rack sprinklers. A pressure of 15 psi (1 bar) was main- 
tained on in-rack sprinklers in the first 30 ft (9.1 m) high tests 
(Tests 103 and 104). Pressure on in-rack sprinklers in subse- 
quent tests was 30 psi (2.1 bar), except in Test 124, where it was 
75 psi (5.2 bar). 


C.20 [16.2.5.1.1 and 17.2.5.1.1] A full-scale test program was 
conducted with various double-row rack storage arrangements 
of a cartoned Group A unexpanded plastic commodity at the 
Factory Mutual Research Corporation (FMRC) test facility. 
The series of nine tests included several variations, one of 
which involved the use of the following four distinct shelving 
arrangements: slatted wood, solid wood, wire mesh, and no 
shelving. The results of the testing program, specifically Tests 
1, 2, 3, and 5, clearly demonstrate the acceptable performance 


of sprinkler systems protecting storage configurations that in- 
volve the use of slated shelving as described in 16.2.5.1.1 and 
17.2.5.1.1. As a result of the test program, Factory Mutual has 
amended FM Loss Prevention Data Sheet 8-9 to allow slatted 
shelving to be protected in the same manner as an open rack 
arrangement. 

Complete details of the test program are documented in 
the FMRC technical report FMRC J. I. 0X1 RO.RR, “Large-Scale 
Fire Tests of Rack Storage Group A Plastics in Retail Operation 
Scenarios Protected by Extra Large Orifice (ELO) Sprinklers.” 


C.21 [17.1.2.1] In the RSP rack storage test series as well as the 
stored plastics program palletized test series, compartmented 
16 oz (0.47 L) polystyrene jars were found to produce signifi- 
cantly higher protection requirements than the same com- 
modity in a nested configuration. Polystyrene glasses and ex- 
panded polystyrene plates were comparable to the nested jars. 

Different storage configurations within cartons or different 
products of the same basic plastic might, therefore, require 
reduced protection requirements. 

In Test RSP-7, with nominal 15 ft (4.6 m) high storage with 
compartmented jars, a 0.6 gpm/ft? (24.5 mm/min) density, 
8 ft (2.4 m) aisles, and a 10 ft (3.1 m) clearance to ceiling, 
29 sprinklers opened. In Tests RSP-4 with polystyrene glasses, 
RSP-5 with expanded polystyrene plates, and RSP-16 with 
nested polystyrene jars all stored at nominal 15 ft (4.6 m) 
height, 10 ft (3.1 m) clearance to ceiling, 8 ft (2.4 m) aisles, 
and 0.6 gpm/ft? (24.5 mm/min) density, only four sprinklers 
opened. 

However, Test RSP-11, with expanded polystyrene plates 
and 6 ft (1.8 m) aisles, demonstrated an increase in the num- 
ber of operating sprinklers to 29. Test RSP-10 with expanded 
polystyrene plates, nominally 15 ft (4.6 m) high with a 10 ft 
(3.1 m) clearance and 8 ft (2.4 m) aisles, but protected only by 
0.45 gpm /ft? (18.3 mm/min) density, opened 46 sprinklers 
and burned 100 percent of the plastic commodity. 

At a nominal 20 ft (6.1 m) storage height with 8 ft (2.4 m) 
aisles, a 3 ft (0.9 m) clearance to ceiling, and a 0.6 gpm/ ft? 
(24.5 mm/min) density opened four sprinklers with polysty- 
rene glasses in Test RSP-2 and 11 sprinklers with expanded 
polystyrene plates in Test RSP-6. In Test RSP-8, however, with 
the clearance to ceiling increased to 10 ft (3.1 m) and other 
variables held constant, 51 sprinklers opened, and 100 per- 
cent of the plastic commodity burned. 

Test RSP-3, with polystyrene glasses at a nominal height of 
25 ft (7.6 m) with a 3 ft (0.9 m) clearance to ceiling, 8 ft 
(2.4 m) aisles, and 0.6 gpm/ft? (24.5 mm/min) ceiling sprin- 
kler density in combination with one level of in-rack sprin- 
klers, resulted in four ceiling sprinklers and two in-rack sprin- 
klers operating. Test RSP-9, with the same configuration but 
with polystyrene plates, opened 12 ceiling sprinklers and three 
in-rack sprinklers. 

No tests were conducted with compartmented polystyrene 
jars at storage heights in excess of a nominal 15 ft (4.6 m) asa 
part of this program. 


C.22 [17.2.1.2] The protection of Group A plastics by extra 
large orifice (ELO) sprinklers designed to provide 0.6 gpm/ 
ft?/2000 ft? (24.5 mm/min/186 me) or 0.45 gpm/ft?/2000 ft? 
(18.3 mm/min/186 m”) without the installation of in-rack 
sprinklers was developed from full-scale testing conducted 
with various double-row rack storage arrangements of a car- 
toned Group A unexpanded plastic commodity at the Factory 
Mutual Research Corporation (FMRC) test facility. The results 
of this test program are documented in the FMRC technical 
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report, FMRC J.I. OXIRO.RR, “Large-Scale Fire Tests of Rack 
Stored Group A Plastics in Retail Operation Scenarios Pro- 
tected by Extra Large Orifice (ELO) Sprinklers.” The test pro- 
gram was initiated to address the fire protection issues pre- 
sented by warehouse-type retail stores with regard to the 
display and storage of Group A plastic commodities including, 
but not limited to, acrylonitrile-butadiene-styrene copolymer 
(ABS) piping, polyvinyl chloride (PVC) hose and hose racks, 
tool boxes, polypropylene trash and storage containers, and 
patio furniture. Tests 1 and 2 of this series included protection 
of the Group A plastic commodity stored to 20 ft (6.1 m) un- 
der a 27 ft (8.2 m) ceiling by a design density of 0.6 gpm/ft? 
(24.5 mm/min) utilizing ELO sprinklers. The results of the 
testing program clearly demonstrate the acceptable perfor- 
mance of sprinkler systems that protect storage configurations 
involving Group A plastics up to 20 ft (6.1 m) in height under 
a 27 ft (8.2 m) ceiling where using ELO sprinklers to deliver a 
design density of 0.6 gpm/ft? (24.5 mm/min) and Group A 
plastics up to 14 ft (4.3 m) in height under a 22 ft (6.7 m) 
ceiling where using ELO sprinklers to deliver a design density 
of 0.45 gpm/ft” (18.3 mm/min). The tabulation of the perti- 
nent tests shown in Table C.22 demonstrates acceptable per- 
formance. 


C.23 [16.3.1.1] The recommended use of ordinary 
temperature-rated sprinklers at ceiling for storage higher 
than 25 ft (7.6 m) was determined by the results of fire test 
data. A test with high temperature-rated sprinklers and 
0.45 gpm/ ft? (18.3 mm/min) density resulted in fire dam- 
age in the two top tiers just within acceptable limits, with 
three ceiling sprinklers operating. A test with 0.45 gpm/ ft? 
(18.3 mm/min) density and ordinary temperature-rated 
sprinklers produced a dramatic reduction in fire damage 
with four ceiling sprinklers operating. 

The four ordinary temperature-rated ceiling sprinklers op- 
erated before the first of the three high temperature-rated 
ceiling sprinklers. In both tests, two in-rack sprinklers at two 
levels operated at approximately the same time. The high 
temperature-rated sprinklers were at all times fighting a 
larger fire with less water than the ordinary temperature-rated 
ceiling sprinklers. 

Tests 115 and 119 compare ceiling sprinkler density of 
0.3 gpm/ft? (12.2 mm/min) with 0.45 gpm/ft” (18.3 mm/min). 
Damage patterns coupled with the number of boxes damaged in 
the main rack suggest that the increase in density produces im- 
proved control, particularly in the area above the top tier of in- 
rack sprinklers. 

Tests 119 and 122 compare ceiling sprinkler temperature rat- 
ings of 286°F (141°C) and 165°F (74°C). A review of the number 
of boxes damaged and the firespread patterns indicates that the 
use of ordinary temperature-rated ceiling sprinklers on a rack 
configuration that incorporates in-rack sprinklers dramatically 
reduces the amount of firespread. Considering that in-rack sprin- 
klers in the tests for storage over 25 ft (7.6 m) operated prior to 
ceiling sprinklers, it would seem that the installation of in-rack 
sprinklers converts an otherwise rapidly developing fire, from the 
standpoint of ceiling sprinklers, to a slower developing fire with a 
lower rate of heat release. 

In the 20 ft (6.1 m) high test series, ceiling sprinklers operated 
before in-rack sprinklers. In the 30 ft (9.1 m) high series, ceiling 
sprinklers operated after in-rack sprinklers. The 50 ft (15.24 m) 
high test did not operate ceiling sprinklers. Ceiling sprinklers 
would, however, be needed if fire occurred in upper levels. 

The results of these tests indicate the effect of in-rack sprin- 
klers on storage higher than 25 ft (7.6 m). From the ceiling 
sprinkler operation standpoint, a fire with an expected high 
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heat release rate was converted to a fire with a much lower 
heat release rate. 

Since the fires developed slowly and opened sprinklers at 
two levels in the racks, only a few ceiling sprinklers were 
needed to establish control. Thus, the sprinkler operating 
area does not vary with height for storage over 25 ft (7.6 m) or 
for changes in sprinkler temperature rating and density. 

All tests with sprinklers in racks were conducted using 
nominal W in. (12.7 mm) orifice size sprinklers of ordinary 
temperature. 


C.24 [20.6] Aseries of fire tests were conducted by Spacesaver 
Corporation that indicated control was achieved with light 
hazard sprinkler spacing and design. The tests used quick- 
response, ordinary-temperature sprinklers on 15 ft x 15 ft 
(4.6 m x 4.6 m) spacing with an 8 ft (2.44 m) high compact 
storage unit located in the middle of the sprinkler array. Re- 
sults indicated a classic definition of control, the fire was held 
in check within the compact storage module and the fire did 
not jump the aisle or ignite any of the target arrays. 


C.25 [20.5] In July and August of 2007, a series of three large- 
scale fire tests were conducted at Southwest Research Institute 
to investigate the effectiveness of a specific ceiling and in-rack 
sprinkler protection scheme dedicated for the protection of 
paper files in 12 in. (305 mm) wide, and 16 in. (406 mm) and 
10 in. (254 mm) high corrugated cardboard boxes (contain- 
ers) maintained in multiple-row racks to a nominal height of 
37 ft (11.3 m). 

The storage rack for the main array in all three tests consisted 
of two 50 in. (1270 mm) deep racks placed back-to-back and 
separated by a 2 in. (51 mm) gap. The storage rack for the target 
array in all three tests consisted of a single 50 in. (1270 mm) deep 
rack separated on both sides of the main array by a 30 in. 
(762 mm) wide aisle. Rack uprights were a nominal 3 in. 
(76 mm) wide. Rack bays were 120 in. (3048 mm) wide, 38 in. 
(965 mm) high, and equipped with perforated metal decking 
having a minimum of 50 percent openings. Each storage bay was 
provided with 9 containers between uprights that was 3 contain- 
ers deep and 3 containers high for a total of 81 containers per 
rack bay. Nominal 6 in. (152 mm) wide transverse flue spaces 
were provided at each rack upright. Both the main array and the 
target array were 4 bays long for an overall length of 41 ft 3 in. 
(12.6 m). 

Open-grated (expanded) catwalks were provided in both 
storage aisles at the top of the third [9 ft 8 in. (3.0 m)], sixth 
[19 ft 2 in. (5.8 m)], and ninth [28 ft 8 in. (8.7 m)] tier levels. 

The ceiling sprinkler system consisted of K-8.0 (115), 165°F 
(74°C) nominally rated, standard-response pendent automatic 
sprinklers installed on 10 ft x 10 ft (3.0 m x 3.0 m) spacing ar- 
ranged to provide a constant 0.30 gpm/ft? (12 mm/min) den- 
sity. Anominal 3 ft (0.9 m) clearance was provided between the 
top of storage and the ceiling sprinklers. 

The in-rack sprinkler system consisted of K-8.0 (115), 165°F 
(74°C) nominally rated, quick-response upright automatic 
sprinklers that were equipped with water shields and arranged 
to provide a constant 30 gpm (114 L/min) flow from each 
operating in-rack sprinkler. In-rack sprinklers were provided 
within the transverse flue spaces of the main array, 2 ft (0.6 m) 
horizontally from the face of the rack, at the top of the third 
and ninth tier levels on one side of the main array and at the 
top of the sixth tier level on the other side of the main array. A 
minimum 6 in. (152 mm) vertical clearance was provided be- 
tween the in-rack sprinkler and the top of storage within the 
storage rack. 


Posted by Public.Resource.Org. Not affiliated with NFPA 


ANNEX C 13-385 
Table C.22 Summary of Test Results for Plastic Commodities Using % in. (15.9 mm) Orifice Sprinklers 
Date of Test 
Test Parameters 8/20/93 8/25/93 9/2/93 10/7/93 2/17/94 2/25/94 4/27/94 
Type of shelving Slatted wood Slatted wood Slatted wood Slatted wood Slatted wood Slatted wood Wire mesh 
Other conditions/ — — — — Draft curtains Draft curtains — 
inclusions 
Storage height (ft-in.) 19-11 19-11 15-4 15-4 19-11 19-11 13-11 
Number of tiers 6 6 5? 5P 6 6? 3 
Clearance to 6-10/6-3 6-10/6-3 11-5/10-10 11-5/10-10 6-10/6-3 6-10/6-3 8-4/7-9 
ceiling/sprinklers 
(ft-in.) 
Longitudinal/ 6/6 to 7% 6/6 to 7% 6/6 to 7 6/6 to 7% 6/6 to 714 6/6 to 74 6/3° 
transverse flues (in.) 
Aisle width (ft) 7% T% T 7% T% 7% T% 
Ignition centered below 2 2 1 1 2 2 1 
(number of sprinklers) 
Sprinkler orifice size (in.) 0.64 0.64 0.64 0.64 0.64 0.64 0.64 
Sprinkler temperature 165 286 286 165 165 286 286 
rating (°F) 
Sprinkler RTI (ft-sec)!/* 300 300 300 300 300 300 300 
Sprinkler spacing 8x10 8x10 8x10 8x10 8x10 8x10 10 x 10 
(ftx ft) 
Sprinkler identification ELO-231 ELO-231 ELO-231 ELO-231 ELO-231 ELO-231 ELO-231 
Constant water pressure 19 19 19 19 19 19 15.5 
(psi) 
Minimum density 0.6 0.6 0.6 0.6 0.6 0.6 0.45 
(gpm/ft°) 
Test Results 
First sprinkler operation 2:03 2:25 1:12 0:44 1:25 0:52 0:49 
(min:sec) 
Last sprinkler operation 2:12 15:19 6:34 7:34 15:54 14:08 10:58 
(min:sec) 
Total sprinklers opened 4 9 TA 13 35 18 12 
Total sprinkler discharge 205 450 363 613 1651 945 600 
(gpm) 
Average discharge per 51 50 52 47 47 52 50 
sprinkler (gpm) 
Peak/maximum I-min 1107/566 1412/868 965/308 662/184 1575/883 1162/767 1464/895 
average gas 
temperature (°F) 
Peak/maximum I-min 185/172 197/196 233/232 146/145 226/225 255/254 502/500 
average steel 
temperature (°F) 
Peak/maximum I-min 27/15 25/18 18/15 14/104 26/23 20/18" 33/20 
average plume velocity 
(ft/sec) 
Peak/maximum I-min 0.6/0.5 2.0/1.9 2.8/2.5 1.1/0.8 1.0/0.9 4.8/3.0 1.6/1.4 
heat flux (Btu/ft?/sec) 
Aisle jump, east/west None 8:24/None 5:35/10:10 None None “/8:18 “/None 
target ignition 
(min:sec) 
Eguivalent number of 3 9 6 5 12 13 12 
pallet loads consumed 
Test duration (min) 30 30 30 30 30 30 30 
Results acceptable Yes Yes Yes Yes No! No® Yes 


For SI units, 1 ft = 0.305 m; 1 in. = 25.4 mm; °F = (1.8 x°C) + 32; °C = (°F — 32) /1.8; 1 psi = 0.069 bar; 


1 gpm = 3.8 L/min; 1 ft/sec = 0.31 m/sec; 1 gpm /ft? = 40.746 mm/min. 
* Main (ignition) racks divided into five or six tiers; bottom tiers each approximately 2 ft (0.6 m) high and upper 
tiers each about 5 ft (1.5 m) high; wood shelving below commodity at second through fifth tiers. 
P Main (ignition) racks divided into five or six tiers; bottom tiers each approximately 2 ft (0.6 m) high and upper 
tiers each about 5 ft (1.5 m) high; wood shelving below commodity at second through fifth tiers; wire mesh shelving 
below commodity at sixth tier or below fifth (top) tier commodity. 
“ Transverse flues spaced 8 ft (2.4 m) apart [versus 3 ft (1.1 m) apart in all other tests]. 
€ Instrumentation located 5 ft (1.5 m) north of ignition. 
“ Minor surface damage to cartons. 


"High water demand. 


8 Excessive firespread; marginally high water demand. 
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The same type of sprinklers installed within the storage 
racks were also installed under each catwalk and designed to 
provide a constant 30 gpm (114 L/min) flow from each oper- 
ating sprinkler. These sprinklers were centered within the 
aisles and installed 10 ft 3 in. (3.1 m) on line. They were ar- 
ranged to be aligned with the adjacent transverse flue space 
when the flue space was not equipped with an in-rack sprin- 
kler; they were positioned halfway between transverse flue 
spaces when the adjacent flue spaces were equipped with in- 
rack sprinklers. 

In Test No. 1, ignition was at grade level, at the face of the 
rack and centered between rack uprights. The in-rack sprin- 
klers within the transverse flue spaces nearest to the ignition 
location were at the top of the sixth tier level; the sprinkler 
under the catwalk at the top of the sixth tier level was located a 
horizontal distance of 15 in. (381 mm) away from the ignition 
location. The sprinkler under the catwalk at the top of the 
sixth tier level was the first sprinkler to operate at a time 2 min- 
utes and 49 seconds after ignition. A total of 3 in-rack sprin- 
klers and 1 catwalk sprinkler operated during this test; no 
ceiling-level sprinklers operated. The results of the test were 
considered acceptable. 

In Test No. 2, ignition was at grade level at a rack upright, 
2 ft (0.6 m) horizontally from the rack face. The in-rack sprin- 
kler within the transverse flue space of fire origin was at the 
top of the sixth tier level. The in-rack sprinkler directly over 
the ignition location was the first sprinkler to operate at a time 
2 minutes and 9 seconds after ignition. A total of 2 in-rack 
sprinklers operated during this test; no ceiling-level sprinklers 
operated. The results of the test were considered acceptable. 

In Test No. 3, ignition was at grade level, centered between 
rack uprights within the 2 in. (0.6 m) gap. To allow vertical fire 
growth directly above the point of ignition, the gap was main- 
tained open throughout the height of the storage rack. A total 
of 4 in-rack sprinklers and 1 sprinkler under a catwalk oper- 
ated during the test; no ceiling-level sprinklers operated. The 
first in-rack sprinkler to operate was located at the top of the 
sixth tier level at a time 3 minutes and 1 second after ignition. 
The second in-rack sprinkler to operate was also at the top of 
the sixth tier level. The last 2 in-rack sprinklers to operate were 
both located at the top of the third tier level. The fifth and 
final sprinkler to operate was a sprinkler located under a cat- 
walk at the top of the third tier level. The results of the test 
were considered acceptable. 

All three tests were considered successful and confirmed 
that the ceiling and in-rack sprinkler protection scheme out- 
lined in this standard for the protection of cartoned records 
storage maintained in multiple-row racks with catwalk access is 
acceptable. 


Annex D Sprinkler System Information from the 
2009 Edition of the Life Safety Code 


This annex is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 


D.1 Introduction. This annex is provided as an aid to the user 
of NFPA 13 by identifying those portions of the 2009 edition of 
NFPA 101, Life Safety Code, that pertain to sprinkler system de- 
sign and installation. It is not intended that this annex provide 
complete information regarding all aspects of fire protection 
addressed by NFPA 101. It is important to note that this infor- 
mation was not copied from NFPA 101 using NFPA’s extract 
policy and is not intended to be a part of the requirements of 
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NFPA 13. While the 2009 edition of Life Safety Code was the 
most current at the time of the 2010 edition of NFPA 13, a 
2010 edition of the Life Safety Codeis in preparation. 


D.1.1 The following sections cover situations where NFPA 101 
provides different guidance on the design or installation of a fire 
sprinkler system from NFPA 13. In some cases, this different guid- 
ance is based on descriptions of unique situations handled by 
NFPA 101. In other cases, this different guidance stems from the 
different objective for NFPA 101, life safety of the occupant, 
rather than the property protection afforded by NFPA 13. 


D.1.1.1 Features of Fire Protection. 


D.1.1.1.1 Atriums. Glass walls and inoperable windows shall 
be permitted in lieu of the fire barriers where all the following 
are met: 


(1) Automatic sprinklers are spaced along both sides of the 
glass wall and the inoperable window at intervals not to 
exceed 6 ft (1830 mm). 

(2) The automatic sprinklers specified in 8.6.7 (1) (c) (i) of 
NFPA 101 are located at a distance from the glass wall 
not to exceed 12 in. (305 mm) and arranged so that the 
entire surface of the glass is wet upon operation of the 
sprinklers. 

(3) The glass wall is of tempered, wired, or laminated glass 
held in place by a gasket system that allows the glass fram- 
ing system to deflect without breaking (loading) the glass 
before the sprinklers operate. 

(4) The automatic sprinklers required by 8.6.7(1)(c) (i) of 
NFPA 101 are not required on the atrium side of the glass 
wall and the inoperable window where there is no walk- 
way or other floor area on the atrium side above the main 
floor level. [101:8.6.7(1) (c)] 


D.1.1.2 Special Structures and High-Rise Buildings. 


D.1.1.2.1 High-rise buildings shall be protected throughout 
by an approved, supervised automatic sprinkler system in ac- 
cordance with NFPA 701, Section 9.7. A sprinkler control valve 
and a waterflow device shall be provided for each floor. 
(101:11.8.3.1) 


D.1.1.3 Lodging or Rooming Houses. 


D.1.1.3.1 In buildings sprinklered in accordance with 
NFPA 13, closets that contain equipment such as washers, dry- 
ers, furnaces, or water heaters shall be sprinklered regardless 
of size. [101:26.3.6.3.5] 


D.1.1.3.2 In existing lodging or rooming houses, sprinkler in- 
stallations shall not be required in closets not exceeding 24 ft? 
(2.2 m?) and in bathrooms not exceeding 55 ft? (5.1 m°). 
[101:26.3.6.3.6] 


D.1.1.4 New Hotels and Dormitories. 


D.1.1.4.1 The provisions for draft stops and closely spaced 
sprinklers in NFPA 13 shall not be required for openings com- 
plying with NFPA 101, 8.6.8.2, where the opening is within the 
guest room or guest suite. [101:28.3.5.4] 


D.1.1.4.2 Listed quick-response or listed residential sprin- 
klers shall be used throughout guest rooms and guest room 
suites. [101:28.3.5.6] 


D.1.1.5 Existing Hotels and Dormitories. 


D.1.1.5.1 In guest rooms and in guest room suites, sprinkler 
installations shall not be required in closets not exceeding 24 ft? 
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(2.2 m?) and in bathrooms not exceeding 55 ft? (5.1 m°). 
[ 101:29.3.5.5] 


D.1.1.6 New Apartment Buildings. 


D.1.1.6.1 In buildings sprinklered in accordance with NFPA 13, 
closets less than 12 ft? (1.1 m?) in area in individual dwelling 
units shall not be required to be sprinklered. Closets that contain 
equipment such as washers, dryers, furnaces, or water heaters 
shall be sprinklered regardless of size. [101:30.3.5.3] 


D.1.1.6.2 Listed quick-response or listed residential sprinklers 
shall be used throughout all dwelling units. [102:30.3.5.5] 


D.1.1.6.3 The draft stop and closely spaced sprinkler require- 
ments of NFPA 13 shall not be required for convenience open- 
ings complying with NFPA 101, 8.6.8.2, where the convenience 
opening is within the dwelling unit. [101:30.3.5.4] 


D.1.1.7 Existing Apartment Buildings. 


D.1.1.7.1 In individual dwelling units, sprinkler installation 
shall not be required in closets not exceeding 24 ft? (2.2 m?) 
and in bathrooms not exceeding 55 ft? (5.1 m?). Closets that 
contain equipment such as washers, dryers, furnaces, or water 
heaters shall be sprinklered regardless of size. [101:31.3.5.4] 


D.1.1.7.2 The draft stop and closely spaced sprinkler require- 
ments of NFPA 13 shall not be required for convenience open- 
ings complying with NFPA 101, 8.6.8.2, where the convenience 
opening is within the dwelling unit. [101:31.3.5.5] 


D.1.1.8 Existing Residential Board and Care Occupancies. 


D.1.1.8.1 Standard response sprinklers shall be permitted for 
use in hazardous areas in accordance with NFPA 101, 33.2.3.2. 
(101:33.2.2.2.4| 


D.1.1.8.2 In prompt and slow evacuation facilities, where an 
automatic sprinkler system is in accordance with NFPA 13 sprin- 
klers shall not be required in closets not exceeding 24 ft? 
(2.2 m?) and in bathrooms not exceeding 55 ft? (5.1 m?), pro- 
vided that such spaces are finished with lath and plaster or mate- 
rials providing a 15-minute thermal barrier. (101:33.2.3.5.2.3| 


D.1.1.9 New Mercantile Occupancies. 


D.1.1.9.1 Protection of Vertical Openings. Any vertical open- 
ing shall be protected in accordance with NFPA 101, Section 8.6, 
except under the following conditions: 


(1) In Class A or Class B mercantile occupancies protected 
throughout by an approved, supervised automatic sprin- 
kler system in accordance with NFPA 101, 9.7.1.1(1), un- 
protected vertical openings shall be permitted at one of 
the following locations: 

(a) Between any two floors 
(b) Among the street floor, the first adjacent floor below, 
and adjacent floor (or mezzanine) above 

(2) In Class C mercantile occupancies, unprotected openings 
shall be permitted between the street floor and the mez- 
zanine. 

(3) The draft stop and closely spaced sprinkler requirements 
of NFPA 13 shall not be required for unenclosed vertical 
openings permitted in NFPA 101, 36.3.1(1) and (2). 
(101:36.3.1) 


D.1.1.9.2 Rooms housing building service equipment, janitor 
closets, and service elevators shall be permitted to open di- 
rectly onto exit passageways, provided that the following crite- 
ria are met: 


(1) The required fire resistance rating between such rooms 
or areas and the exit passageway shall be maintained in 
accordance with NFPA 101, 7.1.3.2. 

(2) Such rooms or areas shall be protected by an approved, 
supervised automatic sprinkler system in accordance with 
NFPA 101, 9.7.1.1(1) but the exceptions in NFPA 13 allow- 
ing the omission of sprinklers from such rooms shall not 
be permitted. [101:36.4.4.6.2] 


D.1.1.10 Existing Mercantile Occupancies. 


D.1.1.10.1 Protection of Vertical Openings. Any vertical 
opening shall be protected in accordance with NFPA 101, Sec- 
tion 8.6, except under the following conditions: 


(1) In Class A or Class B mercantile occupancies protected 
throughout by an approved, supervised automatic sprin- 
kler system in accordance with NFPA 101, 9.7.1.1(1), un- 
protected vertical openings shall be permitted at one of 
the following locations: 

(a) Between any two floors 
(b) Among the street floor, the first adjacent floor below, 
and adjacent floor (or mezzanine) above 

(2) In Class C mercantile occupancies, unprotected openings 
shall be permitted between the street floor and the mez- 
zanine. 

(3) The draft stop and closely spaced sprinkler requirements 
of NFPA 13 shall not be required for unenclosed vertical 
openings permitted in NFPA 101, 37.3.1(1) and (2). 
[101:37.3.1] 


D.1.1.10.2 Rooms housing building service equipment, jani- 
tor closets, and service elevators shall be permitted to open 
directly onto exit passageways, provided that the following cri- 
teria are met: 


(1) The required fire resistance rating between such rooms 
or areas and the exit passageway shall be maintained in 
accordance with NFPA 101, 7.1.3.2. 

(2) Such rooms or areas shall be protected by an approved 
automatic sprinkler system in accordance with NFPA 101, 
9.7.1.1(1) but the exceptions in NFPA 13 allowing the 
omission of sprinklers from such rooms shall not be per- 
mitted. [101:37.4.4.6.2] 


D.1.1.11 Industrial Occupancies. 


D.1.1.11.1 Special Provisions — High-Rise Buildings. The au- 
tomatic sprinkler requirements of NFPA 101, 11.8.3.1, shall be 
required for new high-rise industrial occupancies, except for 
general low hazard or special-purpose industrial occupancies. 
(101:40.4) 


D.2 Life Safety Code. 

D.2.1 Features of Fire Protection. 

D.2.1.1 Design Reguirements. (Reserved) 
D.2.1.2 Installation Reguirements. 


D.2.1.2.1 Atriums. Glass walls and inoperable windows shall 
be permitted in lieu of the fire barriers where all the following 
are met: 


(1) Automatic sprinklers are spaced along both sides of the 
glass wall and the inoperable window at intervals not to 


exceed 6 ft (1830 mm). 
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(2) The automatic sprinklers specified in 8.6.7(1) (c) (i) are 
located at a distance from the glass wall not to exceed 
12 in. (305 mm) and arranged so that the entire surface of 
the glass is wet upon operation of the sprinklers. 

(3) The glass wall is of tempered, wired, or laminated glass 
held in place by a gasket system that allows the glass fram- 
ing system to deflect without breaking (loading) the glass 
before the sprinklers operate. 

(4) The automatic sprinklers required by 8.6.7(1) (c) (i) are 
not required on the atrium side of the glass wall and the 
inoperable window where there is no walkway or other 
floor area on the atrium side above the main floor level. 
[101:8.6.7(1) (c)] 


D.2.2 Special Structures and High-Rise Buildings. 
D.2.2.1 Design Criteria. 


D.2.2.1.1 High-rise buildings shall be protected throughout by 
an approved, supervised automatic sprinkler system in accor- 
dance with NFPA 101, Section 9.7. A sprinkler control valve and a 
waterflow device shall be provided for each floor. [101:11.8.3.1] 


D.2.3 New Assembly Occupancies. (Reserved) 

D.2.4 Existing Assembly Occupancies. (Reserved) 

D.2.5 New Educational Occupancies. (Reserved) 

D.2.6 Existing Educational Occupancies. (Reserved) 

D.2.7 New Day-Care Occupancies. (Reserved) 

D.2.8 Existing Day-Care Occupancies. (Reserved) 

D.2.9 New Health Care Occupancies. (Reserved) 

D.2.10 Existing Health Care Occupancies. (Reserved) 
D.2.11 New Ambulatory Health Care Occupancies. (Reserved) 


D.2.12 Existing Ambulatory Health Care Occupancies. (Re- 
served) 


D.2.13 New Detention and Correctional Occupancies. (Re- 
served) 


D.2.14 Existing Detention and Correctional Occupancies. 
(Reserved) 


D.2.15 One- and Two-Family Dwellings. (Reserved) 
D.2.16 Lodging or Rooming Houses. 

D.2.16.1 Design Requirements. (Reserved) 
D.2.16.2 Installation Requirements. 


D.2.16.2.1 In buildings sprinklered in accordance with 
NFPA 13, closets that contain equipment such as washers, dry- 
ers, furnaces, or water heaters shall be sprinklered regardless 
of size. [101:26.3.6.3.5] 


D.2.16.2.2 In existing lodging or rooming houses, sprinkler 
installations shall not be required in closets not exceedin 
24 ft? (2.2 m?) and in bathrooms not exceeding 55 ft” 
(5.1 m°). [101:26.3.6.3.6] 


D.2.17 New Hotels and Dormitories. 
D.2.17.1 Design Requirements. (Reserved) 
D.2.17.2 Installation Requirements. 


D.2.17.2.1 The provisions for draft stops and closely spaced 
sprinklers in NFPA 13 shall not be required for openings com- 
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plying with NFPA 101, 8.6.8.2, where the opening is within the 
guest room or guest suite. (101:28.3.5.4| 


D.2.17.2.2 Listed quick-response or listed residential sprin- 
klers shall be used throughout guest rooms and guest room 
suites. [101:28.3.5.6] 


D.2.18 Existing Hotels and Dormitories. 
D.2.18.1 Design Requirements. (Reserved) 
D.2.18.2 Installation Requirements. 


D.2.18.2.1 In guest rooms and in guest room suites, sprinkler 
installations shall not be required in closets not exceeding 
24 ft? (22 m?) and in bathrooms not exceeding 55 ft” 
(5.1 m?). [101:29.3.5.5] 


D.2.19 New Apartment Buildings. 
D.2.19.1 Design Requirements. (Reserved) 
D.2.19.2 Installation Requirements. 


D.2.19.21 In buildings sprinklered in accordance with 
NFPA 13, closets less than 12 ft? (1.1 m?) in area in individual 
dwelling units shall not be required to be sprinklered. Closets 
that contain equipment such as washers, dryers, furnaces, or wa- 
ter heaters shall be sprinklered regardless of size. [101:30.3.5.3] 


D.2.19.2.2 Listed quick-response or listed residential sprinklers 
shall be used throughout all dwelling units. [102:30.3.5.5] 


D.2.19.2.3 The draft stop and closely spaced sprinkler re- 
quirements of NFPA 13 shall not be required for convenience 
openings complying with NFPA 101, 8.6.8.2, where the conve- 
nience opening is within the dwelling unit. [101:30.3.5.4] 


D.2.20 Existing Apartment Buildings. 
D.2.20.1 Design Requirements. (Reserved) 
D.2.20.2 Installation Requirements. 


D.2.20.2.1 In individual dwelling units, sprinkler installation 
shall not be required in closets not exceeding 24 ft? (2.2 m°) 
and in bathrooms not exceeding 55 ft? (5.1 m”). Closets that 
contain equipment such as washers, dryers, furnaces, or water 
heaters shall be sprinklered regardless of size. [101:31.3.5.4] 


D.2.20.2.2 The draft stop and closely spaced sprinkler re- 
quirements of NFPA 13 shall not be required for convenience 
openings complying with NFPA 101, 8.6.8.2, where the conve- 
nience opening is within the dwelling unit. [101:31.3.5.5] 


D.2.21 New Residential Board and Care Occupancies. (Re- 
served) 


D.2.22 Existing Residential Board and Care Occupancies. 
D.2.22.1 Design Requirements. (Reserved) 
D.2.22.2 Installation Requirements. 


D.2.22.2.1 Standard response sprinklers shall be permitted 
for use in hazardous areas in accordance with NFPA 101, 
33.2.3.2. [101:33.2.2.2.4] 


D.2.22.2.2 In prompt and slow evacuation facilities, where an 
automatic sprinkler system is in accordance with NFPA 13 sprin- 
klers shall not be required in closets not exceeding 24 ft? 
(2.2 m?) and in bathrooms not exceeding 55 ft? (5.1 m?), pro- 
vided that such spaces are finished with lath and plaster or mate- 
rials providing a 15-minute thermal barrier. [ 101:33.2.3.5.2.3] 
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D.2.23 New Mercantile Occupancies. 
D.2.23.1 Design Requirements. (Reserved) 
D.2.23.2 Installation Requirements. 


D.2.23.2.1 Protection of Vertical Openings. Any vertical 
opening shall be protected in accordance with NFPA 101, Sec- 
tion 8.6, except under the following conditions: 


(1) In Class A or Class B mercantile occupancies protected 
throughout by an approved, supervised automatic sprin- 
kler system in accordance with NFPA 101, 9.7.1.1(1), un- 
protected vertical openings shall be permitted at one of 
the following locations: 

(a) Between any two floors 
(b) Among the street floor, the first adjacent floor below, 
and adjacent floor (or mezzanine) above 

(2) In Class C mercantile occupancies, unprotected openings 
shall be permitted between the street floor and the mez- 
zanine. 

(3) The draft stop and closely spaced sprinkler requirements of 
NFPA 13 shall not be required for unenclosed vertical open- 
ings permitted in NFPA 101, 36.3.1(1) and (2). [101:36.3.1] 


D.2.23.2.2 Rooms housing building service equipment, jani- 
tor closets, and service elevators shall be permitted to open 
directly onto exit passageways, provided that the following cri- 
teria are met: 


(1) The required fire resistance rating between such rooms 
or areas and the exit passageway shall be maintained in 
accordance with NFPA 101, 7.1.3.2. 

(2) Such rooms or areas shall be protected by an approved, 
supervised automatic sprinkler system in accordance with 
NFPA 101, 9.7.1.1(1) but the exceptions in NFPA 13 allow- 
ing the omission of sprinklers from such rooms shall not 
be permitted. (101:36.4.4.6.2) 


D.2.24 Existing Mercantile Occupancies. 
D.2.24.1 Design Requirements. (Reserved) 
D.2.24.2 Installation Requirements. 


D.2.24.2.1 Protection of Vertical Openings. Any vertical 
opening shall be protected in accordance with NFPA 101, Sec- 
tion 8.6, except under the following conditions: 


(1) In Class A or Class B mercantile occupancies protected 
throughout by an approved, supervised automatic sprin- 
kler system in accordance with NFPA 101, 9.7.1.1(1), un- 
protected vertical openings shall be permitted at one of 
the following locations: 


(a) Between any two floors 
(b) Among the street floor, the first adjacent floor below, 
and adjacent floor (or mezzanine) above 


(2) In Class C mercantile occupancies, unprotected openings 
shall be permitted between the street floor and the mez- 
zanine. 

(3) The draft stop and closely spaced sprinkler requirements of 
NFPA 13 shall not be required for unenclosed vertical open- 
ings permitted in NFPA 101, 37.3.1(1) and (2). [101:37.3.1] 


D.2.24.2.2 Rooms housing building service equipment, jani- 
tor closets, and service elevators shall be permitted to open 
directly onto exit passageways, provided that the following cri- 
teria are met: 


(1) The required fire resistance rating between such rooms 
or areas and the exit passageway shall be maintained in 
accordance with NFPA 101, 7.1.3.2. 

(2) Such rooms or areas shall be protected by an approved, 
supervised automatic sprinkler system in accordance with 
NFPA 101, 9.7.1.1(1) but the exceptions in NFPA 13 allow- 
ing the omission of sprinklers from such rooms shall not 
be permitted. [101:37.4.4.6.2] 


D.2.25 New Business Occupancies. 

D.2.25.1 Design Requirements. (Reserved) 
D.2.25.2 Installation Requirements. (Reserved) 
D.2.26 Existing Business Occupancies. 
D.2.26.1 Design Requirements. (Reserved) 
D.2.26.2 Installation Requirements. (Reserved) 
D.2.27 Industrial Occupancies. (Reserved) 
D.2.27.1 Design Criteria. 


D.2.27.1.1 Special Provisions — High-Rise Buildings. The au- 
tomatic sprinkler requirements of NFPA 101, 11.8.3.1, shall be 
required for new high-rise industrial occupancies, except for 
general low hazard or special-purpose industrial occupancies. 


(101:40.4) 
D.2.28 Storage Occupancies. (Reserved) 


Annex E Development of the Design Approach to 
Conform with SEI/ASCE 7 


This annex is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 


E.1 Seismic design of nonstructural components is governed by 
the provisions of Chapter 13 of ASCE/SEI 7, Minimum Design 
Loads for Buildings and Other Structures. In ASCE/SEI 7, fire sprin- 
kler piping is classified as a “Designated Seismic System,” due to 
its critical safety function. Design earthquake forces are multi- 
plied by an Importance Factor, /,- 1.5, and both the bracing and 
the piping itself must be designed for seismic forces. 

The lateral sway bracing provisions of 9.3.5.3 were developed 
to allow the use of the concept of Zone of Influence (ZOI), while 
providing designs that comply with ASCE/SEI 7. One of the main 
changes between the current seismic sway bracing design ap- 
proach adopted in NFPA 13 and the approach used in early edi- 
tions of NFPA 13 is that the spacing of the sway braces can be 
constrained by the flexural capacity of the pipe, as well as the 
capacity of the brace assembly or the capacity of the connection 
between the brace assembly and the supporting structure. 
NFPA 13 provides a design that complies with the seismic design 
requirements of ASCE/SEI 7 for the pipe itself. 

The ZOI approach yields the force demand on the bracing 
element and connections to the structure. Another way to 
look at a ZOI force is as a reaction in a system of continuous 
beams (i.e., the multiple spans of a piping system). By using 
conservative simplifying assumptions, a maximum ZOI force 
limited by the flexural capacity of the pipe can be developed 
for a given pipe size and span (spacing between horizontal 
sway braces). The method used to develop these maximum 
ZOI forces is described in the following paragraphs, along 
with a discussion of the assumptions on the geometry of the 
piping system, the determination of the seismic design force 
coefficients, and the flexural capacity of the pipe. 
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In the discussion that follows, the term “main” can be taken 
to mean a sprinkler main, either a feed main or a cross-main 
that requires sway bracing. 


E.2 Assumptions on System Geometry. While every fire sprin- 
kler system is uniquely designed for a particular structure, 
there are general similarities in the layout and geometry that 
can be used to simplify the design approach for earthquake 
protection. These similarities were used to develop assump- 
tions on the effects of piping system continuity on the distribu- 
tion of bending and shear forces in the pipe, and assumptions 
on spacing of branch lines between sway brace locations. 


E.2.1 Continuity in Piping Systems. For lateral brace design 
purposes, piping systems can be idealized as a system of con- 
tinuous beams. The bending moments in the sprinkler mains 
(the beams) were computed assuming three continuous 
spans, which generates the largest bending moment in any 
system of continuous beams. The loads generated by the 
branch lines are idealized as point loads. The tributary mass of 
the main is lumped along with the mass of the branch lines as 
point loads at the assumed branch line locations. 


E.2.2 Branch Line Locations. In many sprinkler system instal- 
lations, the branch lines constitute a substantial portion of the 
seismic mass. While there are significant variations in the spac- 
ing of the branch lines, their geometry is constrained by the 
need to provide adequate water coverage, which imposes lim- 
its on the spacing of the branches. Defining a “span” of the 
main as the distance between lateral sway braces, the seismic 
provisions make the following assumptions: 


(1) There is a branch located at the center of the sprinkler 
main for spans of 25 ft or less. 

(2) There are branches at third-points of the sprinkler main 
for spans greater than 25 ft and less than 40 ft. 

(3) There are branches at quarter-points of the sprinkler 
main for spans of 40 ft. 


It was further assumed that there is a branch line located in 
close proximity to each sway brace. 

The layout of branch lines, maximum bending moment 
Myyax IN the pipe, and reaction Rmax (horizontal loads at sway 
brace locations) for sprinkler mains with spans less than 25 ft 
is illustrated in Figure E.2.2(a). Maximum demands for spans 
greater than 25 ft and less than 40 ft are given in Fig- 
ure E.2.2(b), and for spans of 40 ft in Figure E.2.2(c). 


Zone of influence load to =~ 


L = distance between sway braces (span) 

P= branch line lateral load + tributary lateral load from main 
w = lateral load of the main (included in P) 

R4, Ro, R3, Ry = zone of influence load (reactions) 


Mmax = 0-175PL 
Rmax = 2P 


FIGURE E.2.2(a) Maximum Demands for Spans Less Than 
25 ft. 
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L = distance between sway braces (span) 

P = branch line lateral load + tributary lateral load from main 
w = lateral load of the main (included in P) 

Ry, Ro, Rz, Ry = zone of influence load (reactions) 


Mmax = 0.267PL 
Rmax = 3P 


FIGURE E.2.2(b) Maximum Demands for Spans Greater 
Than 25 ft and Less Than 40 ft. 


Zone of influence load to R5 N 


L = distance between sway braces (span) 

P = branch line lateral load + tributary lateral load from main 
w = lateral load of the main (included in P) 

Ry, Ro, Rg, Ry = zone of influence load (reactions) 


Mmax = 0.372PL 
Rmax = 4P 


FIGURE E.2.2(c) Maximum Demands for Spans of 40 ft. 


E.3 Computing the Seismic Demand on Piping Systems. In 
ASCE/SEI 7, seismic demands on nonstructural components 
and systems are a function of the ground shaking intensity, the 
ductility and dynamic properties of the component or system, 
and the height of attachment of the component in the struc- 
ture. Seismic forces are determined at strength design (SD) 
levels. The horizontal seismic design force is given by 


p a 04 SW, (! 3 :) 
h 


p 
Ry 
I, 
where: 
F, = seismic design force 
Sps = short period spectral acceleration, which takes 


into account soil conditions at the site 
a, = component amplification factor, taken as 2.5 for 
piping systems 
I, = component importance factor, taken as 1.5 for 
fire sprinkler systems 
z = height of the component attachment to the 
structure 
h = average roof height of the structure 
W, = component operating weight 
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R, = component response modification factor as 
follows: 

R, = 9 for high-deformability piping with joints made 
by welding or brazing 

R, = 4.5 for high- or limited-deformability piping 
with joints made by threading, bonding, 
compression couplings, or grooved couplings 

R, = 1.5 for low-deformability piping such as cast 
iron and nonductile plastics 

F, need not be greater than 1.6 Sps J,W, and cannot be less 
than 0.30 S4, W, . 

As illustrated in Figure E.3, NFPA 13 uses a simplified seis- 
mic factor, C,, which combines ground shaking Sps, dynamic 
amplification a,, component response R,//,, and location in 
the building (z/h) into a single variable. Conservative assump- 
tions are made for each variable, so that the only information 
needed to find C, is the short-period mapped spectral accel- 
eration for the Maximum Considered Earthquake (MCE), S.. 


10. f 
= p` DS z\i 
F= = f 12 “|W 
H Rp 
Ip 
Fow i Cp :*Wp 


FIGURE E.3 Simplified Seismic Factor, Cp- 


The importance factor (J,) for fire sprinkler systems is 
specified in ASCE/SEI 7 as 1.5. The amplification factor (a,) 
for piping systems is specified as 2.5. Piping systems (even 
when seismically braced) are considered flexible, since the 
fundamental period of vibration for the system is greater than 
0.06 seconds. A component response factor of R, = 4.5 was 
assumed for all piping. Finally, it was assumed that the system 
is installed at the roof level, h. 

Assume the system is laterally braced at the roof, z= hand 
substitute these values into the lateral force equation 


— 0.44,SpsW, (+ z } 0.4(2.5)S,,W, 
h 


h 
F, FA (2) (ei eos, 
F 1.5 
1, 


ASCE/SEI 7 forces are determined at the strength design 
(SD) level. NFPA 13 is based on Allowable Stress Design 
(ASD). To convert F, to an ASD load, F,,,, the load from 
ASCE/SEI 7 is multiplied by a 0.7 load factor. 


Fp, =0.7F, AM, 


Solving for C,, 


C, = 0.78 ps 
The short-period spectral acceleration, Sps is obtained by 
modifying the mapped short-period spectral acceleration, Sg, 
for the effects of the local soil conditions. In the United States, 
values for S,are obtained from seismic hazard maps published 


by the U.S. Geological Survey (USGS). Free software available 
from USGS will generate values for Sẹ based on the latitude 
and longitude of the project site. The spectral acceleration 
used for seismic design is determined by 


-Sps = ZSF, 

F, is an amplification factor based on soil conditions and 
the intensity of ground shaking expected (measured by Ss). 
Soil conditions are defined by site classification, ranging from 
Site Class A (hard rock) to Site Class F (extremely soft soils and 
fill). The values of F, are given in ASCE/SEI 7 Table 11.4-1 and 
vary from 0.8 to 2.5. For the purposes of the ZOI method, the 
values of F, are taken as the maximum tabulated values and 
are summarized in Table E.3. 


Table E.3 Values of F, 


Mapped Maximum Considered Earthquake 
Spectral Response Acceleration Parameter at Short 
Period 


F 2.24 IEA 1.2 1.1 1.1 1.0 


a 


Note: Use straight-line interpolation for intermediate values of S,. 


C0 =(0.75,F,) = 0.4675,F, 


Table 9.3.5.6.2 was populated by solving for C, for different 
values of S;. For example when S,= 1.0 


C, 50.4675,F, = 0.467 (1.0)(1.1) =0.51 


E.4 Flexural Capacity of Piping. The flexural capacity for dif- 
ferent diameters and thicknesses of pipe were computed using 
Allowable Stress Design (ASD). NFPA 13 has traditionally used 
ASD for design. While ASCE/SEI 7 generally uses the Strength 
Design (SD) approach, ASD is preferred for the design of pip- 
ing systems. For example, the ASTM B 31 series of piping 
codes are based on ASD. ASD was chosen for sprinkler piping 
design to limit the complexity of the analysis. Use of SD would 
require the use of the plastic modulus, Z, of the pipe rather 
than the elastic section modulus, S. Use of Z would trigger 
analysis of local and global buckling behavior of the pipe. SD 
is most appropriate when used with compact pipe sections 
that can develop the full limit capacity of the material, includ- 
ing strain hardening. Thin-wall pipes and materials without 
well defined post-elastic behavior are not easily considered us- 
ing SD. 

Permissible stresses in the pipe for seismic loading are from 
13.6.11 of ASCE/SEI 7. Assuming high- or limited-deformability 
pipe with threaded or grooved couplings, the permissible flex- 
ural stress under SD level demands is 0.7F, where £ is the yield 
stress of the material. Since seismic design in NFPA 13 is based on 
ASD, the SD capacity must be reduced to an ASD level. 

The permissible flexural stress for ASD is determined by 
adjusting the SD level flexural capacity. The SD capacity is first 
reduced by a load factor to ASD levels, and then can be in- 
creased by the allowable stress increase for seismic loading. 
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The use of an allowable stress increase for piping systems is 
typical when determining the strength of the pipe itself. 

For fire sprinkler piping, the SD flexural capacity, Meap» is 
reduced by a load factor of 0.7 to yield the ASD flexural capac- 
ity. The duration of load factor for the piping system, taken as 
1.33, is then applied. Taking Sas the section modulus of pipe, 
this yields an allowable moment capacity in the pipe. 


Mp —0.7(1.38)(0.75F, ) = 0.655F, 


To populate Table 9.3.5.3.2(a) through Table 9.3.5.3.2(e), 
which give the maximum Zone of Influence loads, the largest 
reaction (due to branch lines and the tributary mass of the 
main) limited by flexure for a given pipe size and span be- 
tween sway braces was computed. 

For example, to determine the maximum permissible ZOI 
fora 4 in. diameter steel Schedule 10 main spanning 30 ft, first 
compute the flexural capacity of the pipe. 

S= 1.76 in. 

F, = 30,000 psi 


The flexural capacity of the pipe is 


M,,, =(0.655)S = (0.65)(30,000) (1.76) 


= 34,320 in.-Ib = 2860 ft-lb 

For spans greater than 25 ft and less than 40 ft, the branch 
lines are assumed to be located at Y&-points in the span. The 
point load P is associated with the branch line and tributary 
mass of the main and Lis distance between sway braces. From 
Figure E.2.2(b), the maximum moment in the main, M,,,,, is 

M max = 9-267PL 


max 


Setting Map = Max and solving for P, 
M,,, =(0.65F, )S =0.267PL 
P= cap 
0.267 L 
2860 


0.267(30) = 357 1b 
The maximum permissible ZOI load = 3P = 1071 lb. 


E.5 Sample Seismic Calculation using the ZOI Method. To 
illustrate the application of the ZOI method, the approach 
can be applied to a sample problem based on the sample seis- 
mic bracing calculation in Figure A.9.3.5(b). The sample cal- 
culation yielded a total weight of 480 lb, which was obtained 
using a seismic factor of 0.5. To determine our own seismic 
factor, to get the total weight of the water-filled pipe, divide by 
the seismic factor of 0.5, 


480 


W, =—— =960 Ib 
0.5 


Assume the 4 in. Schedule 10 pipe is the main that will be 
braced and that distance between sway braces (span) is 20 ft. 
The installation is in a region of high seismicity, and based on 
the latitude and longitude of the building site, Sg = 1.75. 

To calculate the seismic load, use Table 9.3.5.6.2 to deter- 
mine the seismic coefficient, C,. The value of S, = 1.75 lies 
between two entries on the table, 1.50 and 2.00, so use linear 
interpolation to get value of C, for Ss - 1.75. 

From Table 9.3.5.6.2, when S.=1.50 then C, = 0.71. When Ss 
= 2.00, then C, = 0.95. The difference in C, between the two 
values is 0.95 — 0.71 = 0.24. For S; = 1.75, 
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1.75-1.50 


Cp=0.71+0.24 
2.00 —1.50 


} 0.71+0.24(0.5) = 0.83 


The horizontal force on the brace, from 9.3.5.6.2 is 


F,„ = C,W, =0.83(960) = 797 Ib 
From Table 9.3.5.3.2(a), the maximum ZOI load, F„,„, fora 


2” pw? 
4 in. Schedule 10 pipe spanning 20 ft is 1634 lb, which is larger 
than the calculated demand of 797 lb. The 4 in. Schedule 10 
pipe is adequate for the seismic load and a brace would be 


selected with a minimum capacity of 797 lb. 


If the sway brace was attached to the 2 in. Schedule 40 
pipe, the ZOI demand F,,,, of 797 Ib would be compared to 
the maximum capacity for a 2 in. Schedule 40 pipe found in 
Table 9.3.5.3.2(a)(b). For a 20 ft span, this is 520 lb, less 
than the demand of 797 Ib. A 2 in. pipe would be inad- 
equate, and a sway brace would have to be added to reduce 
the ZOI demand, or the system pipe size increased. 


E.6 Limitations of the ZOI Method. The ZOI approach can 
be used for a variety of piping materials. There are, however, 
important limitations of which the designer should be aware. 
The first is that the appropriate component response factor, 
R,, must be used. To select the proper value, the piping sys- 
tems must be classified as high-, limited-, or low-deformability. 
Definitions of these terms are given in Section 11.2 of ASCE/ 
SEI 7. The second major assumption is that the flexural behav- 
ior of the pipe is not governed by local buckling of the pipe 
wall. For steel pipe, this can be achieved by observing the 
thickness to diameter limits given in the AJSC Specifications for 
the Design, Fabrication, and Erection of Structural Steel Buildings. 
Establishing the local buckling characteristics of pipe fabri- 
cated from other materials can require testing. 


The tables for the maximum load, F,„, in zone of influence 
are based on common configurations of mains and branch 
lines. There can be cases where the actual configuration of the 
piping system could generate higher stresses in the piping 
than assumed in the tables. For example, a main braced at 
40 ft intervals, with a single branch line in the center of the 
span, can have a smaller maximum load capacity, F,,,, than the 
tabulated value. Where the configuration of the mains and 
branch lines vary significantly from the assumed layout, the 


pipe stresses should be checked by engineering analysis. 
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Pipe Association, 2655 Villa Creek Drive, Suite 155, Dallas, TX 
75234. 


Handbook of PVC Pipe. 


F.1.2.17 U.S. Government Publications. U.S. Government Print- 
ing Office, Washington, DC 20402. 

Title 46, Code of Federal Regulations, Part 72.05-5. 

U.S. Federal Standard No. 66C, Standard for Steel Chemical 
Composition and Harden Ability, April 18, 1967, change notice 
No. 2, April 16, 1970. 


E1.2.18 Other Publications. 

Lane, Leonard B., “Freezing Points of Glycerol and its 
Aqueous Solution,” Industrial and Engineering Chemistry, 
volume 17 (1925), number 9, p. 924. 

Miner, Carl S. and N. N. Dalton, Glycerol, Reinhold Publish- 
ing Corp., 1953 (American Chamical Society Monograph Se- 
ries #117). 

Newman, Anthony Armin, Glycerol, C.R.C. Press, 1968. 


E2 Informational References. (Reserved) 


F3 References for Extracts in Informational Sections. 

NFPA 14, Standard for the Installation of Standpipe and Hose 
Systems, 2007 edition. 

NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances, 2010 edition. 

NFPA 33, Standard for Spray Application Using Flammable or 
Combustible Materials, 2007 edition. 

NFPA 36, Standard for Solvent Extraction Plants, 2009 edition. 
NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 2006 edition. 

NFPA 40, Standard for the Storage and Handling of Cellulose 
Nitrate Film, 2007 edition. 

NFPA 75, Standard for the Protection of Information Technology 
Equipment, 2009 edition. 

NFPA 82, Standard on Incinerators and Waste and Linen Han- 
dling Systems and Equipment, 2009 edition. 

NFPA 86, Standard for Ovens and Furnaces, 2007 edition. 
NFPA 99, Standard for Health Care Facilities, 2005 edition. 
NFPA 101, Life Safety Code”, 2009 edition. 

NFPA 214, Standard on Water-Cooling Towers, 2005 edition. 
NFPA 307, Standard for the Construction and Fire Protection of 
Marine Terminals, Piers, and Wharves, 2006 edition. 

NFPA 318, Standard for the Protection of Semiconductor Fabrica- 
tion Facilities, 2009 edition. 

NFPA 415, Standard on Airport Terminal Buildings, Fueling 
Ramp Drainage, and Loading Walkways, 2008 edition. 

NFPA 423, Standard for Construction and Protection of Aircraft 
Engine Test Facilities, 2004 edition. 

NFPA 804, Standard for Fire Protection for Advanced Light Water 
Reactor Electric Generating Plants, 2006 edition. 

NFPA 850, Recommended Practice for Fire Protection for Electric 
Generating Plants and High Voltage Direct Current Converter Sta- 
tions, 2005 edition. 

NFPA 851, Recommended Practice for Fire Protection for Hydro- 
electric Generating Plants, 2005 edition. 

NFPA 909, Code for the Protection of Cultural Resource Properties 
— Museums, Libraries, and Places of Worship, 2010 edition. 
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-A- 
Abbreviations, hydraulic calculations 
Acceptance, System ...... oke 
Approval Of System rre asics sanad ERA asa 
Circulating closed loop systems ......... cence eee 
Hydraulic design information sign 
Tns cons iseni Ea ia a NEE anna RARE 


Marine Systems uirar i ye seh aa a re AEE EE NEE 5. 
Reguirements: wewenang tenan 24.2, A.24.2.1 to A.24.2.3.4.2 
Underground pipe ................. 10.10, A.10.10.2.1 to A.10.10.2.6 

Acetylene cylinder charging plants .............. 21.10 

A-class boundary (definition) .......................... 3.10.1, 25.1.3(1) 

Ad ditiVeS cierres ipnosi Ent 4.4, 2421.9, A.4.4, A.24.2.1.9 
Antifreeze solutions... oo... oo. wo..ooooo. 7.6.2.1 to 7.6.2.3 
Circulating closed-loop systems ...... oo 7.7.1.6 

Adjacent occupancies ..................... 11.1.2, 12.3, A.11.1.2, A.12.3 

Aerosol products, protection Of ................cc ccc ce eee ee eee eee 21.3 

Air compressors ........... 7.2.6.5, A.7.2.6.5.1; see also Compressed air 

Air conveying of vapors, gases, mists and noncombustible particulate 

solids, exhaust systems for ...................00.0055 21.34 

Aircraft engine test facilities ......................... 21.26, A.21.26.1.1 

Aircraft hangars...» 0 one osn anoman seakan novos ama 21.24 

Airport terminal buildings, fueling ramp drainage, and loading 

walkways n.n... 21.25, A.21.25.1.2, A.21.25.1.3 

Air pressure 
Leakage tests Wensengutadenag endah mona ema NE Raasi Ba 24.2.2 
Marine Systems ss. sexxe1 #ean nee aon seiis tanes aa 25.4.12.2 
Pressure tanks ssc disc cdsaceds bana eritisi 23.2.3.3, A.23.2.3.3 
Refrigerated Spaces! Aa. ssenadiner saintesnenitasaeenenetes 7.9.2.2 
System EARO E S 7.2.6, A.7.2.6.2 to A.7.2.6.5.1 

Air receivers «2.0.6... eee eee es 7.2.6.5.1, 7.2.6.5.2, A.7.2.6.5.1 
Definition en nm nenen css a a nang seta susana sn Del 

Alf reservoirs cdi mane ies tie nan ang LE ariana 1.1.2.2 
Definition «0... nenen enna Ms cage vee sanam 3.5.2 

Air supply 
Automatic air maintenance. ...... oo... 7.2.6.5, A.7.2.6.5.1 
Dry pipe system ........... 7.2.6.2 to 7.2.6.6, A.7.2.6.2 to A.7.2.6.5.1 
Marine systemaat resse Wages Meee cece ese ENa ANE 25.7.2.4.1 
Refrigerated spaces ..... 7.9.2.2, 7.9.2.4, 7.9.2.7, A.7.9.2.4, A.7.9.2.7 

Air supply connections ................0.. 0 cece cence eee e ee ee eee 7.2.6.3 

Aisle widths ......... 16.2.1.3.2.1, 16.2.5.1(7), A.16.2.1.3.2.1, C.9, C.15 
ENI OR) CO, nadine ANA NE Ss auinaid csv oaalyudls yaa ashe 3 
Plastics commodities, rack storage Of ................. 17.2.5.1.2(7) 
Plastics display/storage, retail stores ........ 20.3.1(10), 20.3.1(13), 

20.3.2(5), 20.3.3(7), 20.3.4(6), 20.3.5(6), 20.3.6(7), 
20.3.7(5) 

Alarms Lho ec ese ces aan see also Waterflow alarms/detection devices 
Attachments ................ 6.9.3, 6.9.4, 25.4.12.7, A.6.9.3.2, A.6.9.4 
Drains ission semena san E amen nana un aa bia nk 6.9.5 
High water level device, dry pipe systems ......... (25A 
Low air pressure, refrigerated spaces ..........JJJ... 7.9.2.2 
Marine systems: Adonan e eE GEE 25.4.12,A.25.4.12.1 
Sprinkler en NN ONE 8.17.1, A.8.17.1, C.4 

Anchors 
Concrete, for seismic applications ........... 9.3.5.9.7, A.9.3.5.9.7.1 
Postanstalled kini ae kaan 9.1.3, A.9.1.3.9.3 

Deh ON sesocan sri uan Su ba akang 3:6, A3, 11,6 

Animal housing facilities 

Antiflooding devices ................ 

Antifreeze systems ............... 

A.7.6.1 to A.7.6.3.6 
Definition: Ainan ae ban kena ada ain Tuas ane dil 
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Apartment buildings ................... D.1.1.6, D.1.1.7, D.2.19, D.2.20 
Application of standard ............ cece eee eee eee eee eee 1.3 
Approved/approval 
Definition, cerime Onde circuses A 21 
SYS EM 63 iiss asesmen ana bea aa ena 24.1 
Underground pipe oat adan ban ins essen tesa 10.10.1 
Appurtenances (definition) ............. Jk BBL 
Area, of protection ......... JJ... see System protection area 
Area/density method ..............J..ioa see Density/area method 
Arm-over (definition) eseese ereere rererere DOD 
Arrays 
Closed saos nenas setan Shan banana anon eda 15.2.3, 15.2.8, A.15.2.3 
Definition eni in ion pass anna ana One D2 
OPEN, Mean AA Wats an aa AM satan: 15.2.3, A.15.2.3 
Definition: sisascessimerees mangan anatara 021 2 A 0192112 
Arrays (paper) 
Closed ............ 19.1.1.5, Table 19.1.2.1.3(a), Table 19.1.2.1.3(b) 
DEANION: es eccess intan Kant Gangaa an an sll 
Open cirrosi resver Table 19.1.2.1.3(a), Table 19.1.2.1.3(b) 
Definito Keane persen see Kek oaan eu S RDA 
Standard 53 xcceseevicestenys Table 19.1.2.1.3(a), Table 19.1.2.1.3(b) 
Defio 5.54..4c2s0danetianetitesnde aaa xe D190 Lop O OLS 
ASCE/SEI 7, design approach to conform to ................. Annex E 
APHIS: Sees cddadeascunss KEREN EAEE eaten’ bees D.1.1.1.1, D.2.1.2.1 
Attachments 
Alaris oae S AEE 6.9.4, 25.4.12.7, A.6.9.4 
System sorai sansiisssyieisa eus 8.17, A.8.17.1 to A.8.17.5.2.2, C.4, C.5 
ACS rat kain a ne AEE A OEE NES 8.3.2.5(5), 11.3.1.5 
Authority having jurisdiction (definition) ................ 3.2.2, A.3.2.2 
Automatic air compressor ....................0.00500 7.2.6.5, A.7.2.6.5.1 
Automatic drip, fire department connections .................. 8.17.2.6 
Automatic sprinklers (definition) ............. 3.3.1; see also Sprinklers 
Automatic sprinkler systems .................... .see Sprinkler systems 


Automotive components on portable racks 20.2, A.20.2 
IDSHMIM ON a ocenia E ics NUSA Rb anon S0 
Auxiliary Systems essinu inna Badan inia anda 713 
Available height for storage (definition) ............. 3.9.1.1, A.3.9.1.1 
B- 
Backflow prevention devices ...... 7.6.3.1, 7.6.3.2, 8.17.4.6, A.7.6.3.1, 
A.7.6.3.2, A.8.17.4.6 
Acceptance requirements ......... 10.10.2.5, 24.2.5 
AS;ChECK Val V6 creron er d uan an wanes anise 8.16.1.1.3.2 
Back-to-back shelf storage ...................J.o.. 15.2.2(3) 
Definition Anna  Begknnla sewun esa 62:61, A359, 2611 
Baffles aen nat hoon tbe arose arden ebare NA Kanan 8.6.3.4.2, 8.8.3.4.2 
Bal@omies iiss inna Mendoan asa Rena aa ana 8.15.7, A.8.15.7 
Baled cotton 
Denting c ace skaeonaies ARUN EN Been Os Aso: 910 
SOARE serasi hei stains senen oe coves 12.6.2, 12.6.3, 20.4 
Temperature rating of sprinklers ............... 8.3.2.7, A.8.3.2.7 
Water supplies 0c .asdergacsanoidecnaeceteanaendbe 20.4.1.1, 20.4.1.2 
Tiered storage (definition) ......................... 3.9.6.2, A.3.9.6.2 
Banded roll paper storage ... Table 19.1.2.1.3(a), Table 19.1.2.1.3(b) 
DEA LA esd aa BENER EN EEE 3.9.5.2 
Banded tires (definition) .......... na 3.9.4.1 
Bar joist construction ................ 8.12.5.1.1, 8.12.5.3.2 
Defini Lee BN NEK NAN SUN A.3.7.1, A.3.7.2 
Barriers .................45 see also Horizontal barriers; Thermal barriers 
Compact storage Modules ........... 6. ri bhea edis 20.6.6.1 
Between sprinklers in vaults ................ csc e eee ee eee ee es 21.7.2.3.4 
Basements oiro At enam basa hasan Anakan 11:3:1.5 
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Bath modules, marine ....... nana 25.4.6 Catwalks 
Bathrooms ................. 8.15.8.1, A.8.15.8.1.1, D.1.1.5.1, D.2.18.2.1 Carton records storage, sprinkler protection of ................ 20.5, 
Apartment buildings ojos. ccdenacietesioacdeeie sence D.1.1.7.1 A.20.5.6.3.5, C.25 
DeM AM Rn kesa Medea raed es Oe Ee Definition merana endam alan ea Ka aa bk 3.9.1.4 
Residential board and care occupancies ...... D.1.1.8.2, D.2.22.2.2 Ceiling flanges, hanger screws in ............ 6.6.02 0eeeeeeeeee eee 9.1.5.2 
B-class boundary (definition) .......................... 3.10.2, 25.1.3 (2) Gelling heights oi ons nose nun cea ente see also Clearance 
Beam and girder construction (definition) ...................... A.3.7.1 DeANMION ria 30 seatins comedies nana ana sats UAN nun 3.3.3 
Bends, return «0.22 enns oke kemanan mam diie 8.15.18 Ceiling pockets .................. 8.6.7, 8.8.7, 11.2.3.2.3.1(4), A.8.6.7.1, 
Bin box storage A.8.6.7.2(4), A.8.8.7.1, A.8.8.7.2(4) 
Class I to IV commodities, storage of Definition neraka sas nana crdashasadeeesanaen An AO A 
Definition Woo : Ceilings .................... see also Concealed spaces; Drop-out ceilings 
Discharge criteria ............ooooooooo Deflector distance below ......... 8.5.4.1, 8.6.4.1, 8.7.4.1.1, 8.8.4.1, 
Early suppression fast-response (ESFR) sprinklers ............. 15.4 8.9.4.1.1, 8.10.4, 8.11.4.1, 8.12.4.1,A.8.5.4.1, 
Hose steam demand and water supply duration ............. 14.3.5, A8.6.4.1.2(5) to A.8.6.4.1.3.3, A.8.8.4.1.1.4(A), 
15.1.1, C.8 A.8.8.4.1.3, A.8.11.4.1 
Plastic and rubber commodities ............J. Chap. 15 Flat (definition) ob eee eis 3.3.5.1 
Special design for «ai adetad ot akan beng os sala 14.5 Horizontal (definition) |... Tenan 3.3.5.2 
Boat storage, rack ........... JJ. Table A.5.6 Open-grid KERANA YON Ban aa A eS PAN 8.15.13, A.8.15.13 
Boilers, oil-fired ..............o.oooooooooooo 21.30.1.9 Definition .......ooooo ee anakan 4.3.7.2 
Bee na anna 9.1.3.10, 9.1.4.5, 9.1.5.3, 10.3.5.2, 10.7.2 Peak, sprinklers at or near ........ 8.6.4.1.3, 8.8.4.1.3, A.8.6.4.1.3.2, 
Clamp Leena enam nata 10.8.3.1.3, 10.8.3.4, 10.8.3.5, A.10.8.3.5 oo Se ee aa 
Bracing ...0..c.cccccscessesseseesessssssesevesessvseveseessSee Sway braces Sheathing, pipe hanger installation and nesies 321:1; ea 
P e A sa cc ec oth en Fig. A.3.5 Sloped Lensa 8.4.2 (1), 8.6.4.1.3, 8.6.4.2.2, 8.6.4.2.3, 8.8.4.1.3, 
Control mode specific application (CMSA) sprinklers ..... 8.11.5.2.2 Bey 11.3.4, 22:4456, A8.6:4.1.3:2,A8.6.4.1.3:3, 
p Pp. P 
DLE rait EEE EEE T E 3.5.4 A.B.8.4.1.3,A.22.4:45.6 
> : Deni OM As AAA Am naa Rn anang 3.3.5.3 
Early suppression fast-response sprinklers ... 8.12.2.2.3, 8.12.2.2.4, Storage facilities 1212 
8.12.3.1, 8.12.4.1.6, 17.3.3.3, A.8.12.2.2.3, A.8.12.3.1(3) 8 AN A SIP A eee ad" pa 
Hangers; location: a savesanandacsasooreusaanataderaveeas 9.23, A.9.2.3.2 Water Tenang TEJUMEMERI pst nga 11.2.3.2.3.3, 11.2.3.2.4 
pOT ; ? Smooth-ceiling construction (definition) ........ JJ... A.3.7.2 
In-rack sprinkler spacing ..................665 16.2.4.2.2, A.16.2.4.2.2 Pn S 3354 
Length : : i c 
For light hazard .......oooooo. 22.5.2.1, 22.5.2.3, 22.5.2.5 Ba ast ra ara ior oe ta 
For ordinary hazard ............. 22.5.3.2 to 22.5.3.10, A.22.5.3.9 Ceiling sprinklers, rack storage _— 
Protection area of coverage, determination of ............ 8.5.2.1,1, Carton records storage ..........ioooooo. 20.5.6.2, 20.5.6.5.2 
f 22.4.4.5.5, A.22.4.4.5.5 Density adjustmehits senori einean e aena nanah 16.2.1.3.4 
Restraint of cs cinsonsanavancinaetstawatons 9.3.6, A.9.3.6.1 to A.9.3.6.6 High bay records storage, mobile oonan 20.7.1, A.20.7.1 
Return bends connected to ......co.oco.ooooooo 8.15.18.2 Plastics storage ...... 17.2, 17.3.1.1, 17.3.1.4, A.17.2.1.1, A.17.2.1.3, 
Sway bracing errr ree eee ee ee eee ee 9.3.5.3.1, A.9.3.5.3.1 A.17.2.1.8, A.17.3.1.1, C.19, C.20, C22 
Brazed joints ....... 6.5.4, 10.3.3, 25.4.10.1 (4), A.6.5.4, A.25.4.10.1(4) Refrigerated spaces ..........ooooococococoooooo 7.9.9.8.4 
Buildings Solid TACKS! Saree Sendal MEN bandana cetesanin ve 16.1.6, 17.1.5, C.11 
Detached ........-00.0sssseeeeeeee eet 8.2.5, 21.29.1.4,A.8.2.5 Steel columns, fire protection of ........... 16.1.4.1(2), 17.1.4.1(2) 
Differential movement, sway braces for buildings with .... 9.3.5.12 Water demand .............. 16.2.1.3.3, 17.2.1.2, 17.3.1.1, 17.3.1.4, 
Multiple buildings attached by canopies, common A.17.3.1.1, C.22 
TOOFS, CLC. 25.005 Me cece nes Me T E 8.2.4 Double-row and single-row racks ............. 16.3.1.1, 17.2.1.2.1, 
Multistory ........ 8.17.1.6, 9.2.5.3, 9.3.2.3(2), A.8.17.1.6, A.9.2.5.3, A.16.3.1.1, C.23 
A.9.3.2.3 (2) (a)a, Fig. A.9.3.2.3 (2) (a), A.9.3.2.3(2) (b), Multiple-row racks «2.00... .cc cee eeeeeeeeeeeeeee 16.3.1.2, 17.2.1.2.1 
D.1.1.2, D.1.1.11.1, D.2.2, D.2.27.1.1 Portable racks ........... 16.2.1.3.2, 16.2.1.3.3, A.16.2.1.3.2, C.15 
Service chutes ..... ye. gQhe co 11.2.3.4.1, 21.15.2.2, A.21.15.2.2, Cellulose nitrate motion picture film, storage and 
Fig. A.21.16.2.2(a) to (h); see also Vertical shafts handling of l...a 21.7,A.21.7.2.3 
Service equipment, rooms housing ........... D.1.1.9.2, D.1.1.10.2, Central safety station (definition) ..................... 3.10.3, 25.1.3(3) 
D.2.23.2.2, D.2.24.2.2 Central station supervisory service ........... 8.16.1.1.2.1(1), 11.2.2.5 
BIN ONE.» 02an anne anakan Tha me hasan RERE ash ha Kena see Steel Certificate, Owner'S ........ nana 4.3, A.4.3 
Building structure, sprinkler piping supported by ... 9.2.1.3, A.9.2.1.3 Check valves ............. 8.16.1.1.3, 8.16.1.1.4, 8.16.1.1.6, A.8.6.1.1.4, 
Bulkheads (definition) .............. 39.33 A.8.16.1.1.3, A.8.16.1.1.6 
Bhesa o aan 6.4.6, 8.15.19.2, A.8.15.19.2 Air compressor, automatic sossessi tnau eetri e e iae 7.2.6.5.4 
Air filling COMNECHON. Haiii senen eomma as veclece dees 7.2.6.3.2 
C- AIAC aer a aE Medea E E EOE 8.17.1.2 
Combined systems ........J 7.4.3.6, 7.4.4 
Cabinets .................. 8.9.4.1.4, 8.10.7.1.5, A.8.9.4.1.4, A.8.10.7.1.5 Deni on ee ee en ae 381151 
Cable tunnels .......ooo0e. oo eeeteen nenen 21.27.1.3 Diy Pipe SYSTEMS Wanna ss sorencepponceederentouse BIO nama ena 7.2.4.5 
Calculations ......»....wo. Wood see Hydraulic calculations Fire department connections ................. 8.17.2.4.1, 8.17.2.4.2, 
Can OPiS: 2 cccv ap odensaeseniqantanenadssamen tees 8.2.4, 8.15.7, A.8.15.7 8.17.2.5.1, A.8.17.2.4.1 
Carbon dioxide extinguishing system ....................... 21.4.1.6(1) Hydrostatic tests 5.15 551 0d Madonna 24.2.1.10 
Cartoned storage ......... 5.6.3.1 (2), 5.6.3.2, Fig. 15.2.2, Table 15.4.1, Outside sprinklers ........J. 7.8.4.2, A.7.8.4.2.1, A.7.8.4.2.3 
Fig. 17.1.2.1, 17.2.3.1, Figs. 17.3.4.1.3(a) to 3 Refrigerated Spaces Woo ices eane hess ssn doaeene sete 7.9.2.6, A.7.9.2.6 
17.3.4.1.3(f), 20.3, Table A.5.6.3.1, A.5.6.3.2, Table Chemicals, protection of laboratories using ....................... 21.9 
A.5.6.3.2, A.20.3 Chutes och banget echoes ed Nana Daan HEE! see Vertical shafts 
DOAN ON ssn panen e eE shaver ne dee eae AN AAN oes 3.9.1.2 Circulating closed-loop sprinkler systems .............. 7.7.1, A77 1.2 
Discharge criteria ses .veveaaes sentana ben Table 13.2.1, Table 15.3.1 ACCEptANCe “isu cade rae geaseihercserirodicesems MENU Maen SNN 24.3 
Carton records storage Definito eni Henna benak Maa aves thea aan na Kena BD 
Definiton Mena NN ANN che DOs SA SO 3 Marine: Systems: 00 Tung Wadyohanata Betung kan yana naa 25.3.4 
Sprinkler protection: Jensen 20.5, A.20.5.6.3.5, C.25 Clamps, joint .................. 10.8.3.1.1, 10.8.3.4, 10.8.3.5, A.10.8.3.5 
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Class E hypobaric facilities .......................... 21.35, A.21.35.1.11 Sprinklers IM “nian en seen es. cea 8.3.2.5(5), 8.15.1, 8.15.22, 11.3.4, 
Classification ................. see Commodity classification; Occupancy A.8.15.1.2, A.8.15.22.3 
classifications Marine SySLEMS 1.4. ie basis caesar keb kawan asn 25.4.4, A.25.4.4 
Cleanrooms ...... eee 21.23, A.21.23.1.1 to A.21.23.2.3 Pendent and upright sprinklers ....................00000 8.6.4.1.4 
Clearance Pipe schedule systems, revamping of ............. Fig. 8.15.19.4.3 
DEGMiUGN: Lane ena roon cummins canal non Unsprinklered ............... 8.15.22.1, 11.2.3.1.4(3), 11.2.3.1.4(4), 
Piping cevvises cova svorcemaree sieves ae semau kans una 9.3.4, A.9.3.4 11.2.3.2.7.2, 12.9, A.11.2.3.1.4(3), A.11.2.3.1.4(4), 


To storage 8.5.6, 8.6.6, 8.7.6, 8.8.6, 8.11.6, 8.12.6, 
A.8.5.6, A.8.6.6, A.8.7.6, A.8.8.6 


Plastics commodities, rack storage Of ................. 17.2.4.2.1 
Closets senat aneh anera naa ane medan makai 8.15.8.2, A.8.15.8.2 
Apartment buildings ... D.1.1.6.1, D.1.1.7.1, D.2.19.2.1, D.2.20.2.1 
Guest rooms OF SUILES. “woo ima berantakan DJI151,D.218,21 
Lodging or rooming houses .................... D.1.1.3.1, D.1.1.3.2, 
D.2.16.2.1, D.2.16.2.2 
Mercantile occupancies ..........JJo. D.1.1.9.2, D.1.1.10.2, 
D.2.23.2.2, D.2.24.2.2 
Residential board and care occupancies ...... D.1.1.8.2, D.2.22.2.2 
Coal mimes 201 ye sagatiea saga weiten ee cae 21.36, A.21.36.1.1.1 
Coatings, special ............. 0.0 cece cece cece cece e ene eeee 6.2.6, A.6.2.6.1 
Color coding of sprinklers ................J.. 6.2.5.1, 6.2.5.2 
Columns 
Roll: paper (definition) asas sen cess tw nebak saban mna 31993 
SIGE) Santana ms EGE en nanas anna see Steel 
Combined dry pipe-preaction sprinkler systems ................... 7.4, 
A.7.4.2 to A.7.4.3.2 
DSH ON NN an an NN confess en NN N RI 
System riser, protection area Of ............ ccc ccc cece cence eens 8.2.1 
Combustion engines, installation and use of stationary .......... 21.6, 
A.21.6.1 
Commodities ................. see also specific commodities, e.g. Plastics 
Deimoss ena sab udder masam a a oa Ores 0 
Rack storage ccicvsicecee vigils densa nda sana see Rack storage 
Commodity classification ...............J........ 5.6, A.5.6, C.2 
Class I .............. 5.6.3.1, A.5.6.3.1, Table A.5.6.3.1, Table A.5.6.3 
Palletized, solid pile, bin box, or shelf storage, 
PROLECHOMN. OF savy o be AEE EE ENES 
Rack storage, protection of i 
Class IL sis ceecsaree 5.6.3.2, A.5.6.3.2, Table A.5.6.3.2, Table A.5.6.3 
Palletized, solid pile, bin box, or shelf storage, 
protection OF .....oo.o... M aas Chap. 14 
Class WT serena 5.6.3.3, A.5.6.3.3, Table A.5.6.3.3, Table A.5.6.3 
Palletized, solid pile, bin box, or shelf storage, 
PTOLECHON OF ve Waiters e coe eno ne aED Chap. 14 
Classi IV sei onsesrasn 5.6.3.4, A.5.6.3.4, Table A.5.6.3.4, Table A.5.6.3 
Palletized, solid pile, bin box, or shelf storage, 
Benton Of Mg sea Chap. 14 
Rack storage, protection of .................. Chap. 16, Annex C 
MixedWGomM@ditiddy, ei erneer isiin enie 5.6.1.2 
Ballet types Whois errennecerenn enee 006.2,A.5,.6.2.2,A,5.6.2.3 
Plastics, elastomers, and rubber ............. 5.6.3.3, 5.6.3.4.1, 5.6.4, 


A.5.6.3.3, Table A.5.6.3.3, Table A.5.6.3.4, Table A.5.6.3, 
A.5.6.4, Table A.5.6.4.1 


Rolled paper storage ............JJJ 51655, A.5.6.5 
Compact storage ......»».001 serena senen senen tenan 20.6, A.20.6.5, C.24 

Definition Sean GEN on non Rn ena lg 
Compact storage modules .................... 20.6, 21.31.1.2, A.20.6.5, 

A.21.31.1.2.1, A.21.31.1.2.2, C.24 

DEHNI sandera nenen nam edan mna kan nana Oo OILS 
Compartmented (definition) .......................... 3.9.1.9, A.3.9.1.9 
Compartments (definition) ..............o 3.3.6 
Composite wood joist construction ..............J.. 8.15.1.4 

Definito el aa Re RE cou tei wed teats A3.7.1 
Compressed air ..................00...000+++++++.S€e also Air compressors 

Dry pipe systems .......... 7.2.6.2 to 7.2.6.6, A.7.2.6.2 to A.7.2.6.5.1 

Pressure tanks (marine systems) ...............00seee eee eee 257241 
Concealed spaces 

KEB OOMS Lai kan den sana man en na sade’ 21.23.1.2, A.21.23.1.2.1 

Exposed combustibles, localized protection of ............. 8.15.1.5 

Spaces above ceilings ............... sce ce eee ee ees 8.15.22, A.8.15.22.3 
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A.12.9.2(4), A.12.9.2(10) 


Concealed sprinklers (definition) ................ 3.6.2.1 
Concrete, hangers in ........ Ja 9.1.3, A.9.1.3.9.3 
Concrete tee construction (definition) ......... JJ... A.3.7.1 
Connections ..... see also Couplings, Fire department connections, Hose 
connections, Test connections 
At SUp po araanna san aa na batang RN ceva 7.2.6.3 
GHEY Serukan anon onani binaan GR anon 8.16.1.1.4.3, 12.8.3 
Domestic/fire protection water supply interconnection ........ B.1 
DPD oaaae EE Ke kana one aan Dua Kaka 8.16.2.4, A.8.16.2. 
Klexible osis ownenane ben banana see Flexible listed pipe couplings 
Foundation walls, through or under ............ 23.1.6.2, A.23.1.6.2 
Underground and aboveground piping, water supply ..... 23.1.6.1 
Valves, water supply connections .......... 8.16.1.1.2.1, 8.16.1.1.3.1, 
8.16.1.1.4.3 
Waterworks system, from/to ...... 23.1.8, 23.2.1, A.23.1.8, A.23.2.1 
Construction 


Obstructed (definition) ..... 3.7.1, A.3.7.1; see also Obstructions to 
sprinkler discharge 


Unobstructed (definition) ......... JW. 312, A.3.7.2 
Containers ...................... see also Cylinders; Open-top containers 
Compressed gas and cryogenic fluids in... 21.12 
Shipping, master, or outer (definition) ......... 3.9.1.10, A.3.9.1.10 
SIONA E airone E AEE gates OEE EEE EA Table A.5.6 
Control mode density area sprinkler protection ......: see Density/area 
method 
Control mode specific application (CMSA) sprinklers ........ 6.2.3.5, 
8.4.7, 8.11, 11.2.3.2.4(2), 12.6.7, A.8.4.7.2, A.8.11.2 to 
A.8.11.5.3 
Clearance tOStOra ge? sii winced hnna dea anna sd onsen 8.11.6 
Definition cs cseaiaraes ivtdsavevediinndariaenonceedy 00.4.1, ASO AL 
Deflector position: oi icsuseessssanencns Moana anna 8.11.4, A.8.11.4.1 
Distance below ceilings seere einernie 8.11.4.1, A.8.11.4.1 
Hydraulic calculation procedure ................000 eee eee 22.4.4.2 
Obstructions to discharge ................ 8.11.4.1.2, 8.11.5, A.8.11.5 
Palletized, solid pile, bin box, or shelf storage ............ 14.3, 15.3 
Protection ares ..oo.Wo.Woooooco.cocooooooooidcooocco. 8.11.2, A.8.11.2 
Rack Storage wisma wes etcetera 16.1.4.1(3), 17.1.4.1(3), 17.3.2 
Over 2b:ft. In Height: ci bhases ssa bahasan badan an nata 16.3.2 
Up to and including 25 ft. in height ................ 16.2.2, 17.2.2 
Rubber tire storage .................. 18.2.4, 18.3(3), 18.4, A.18.4 
SPACING sande awaunacsiaredaiedasa ng ERO 8.11.3, A.8.11.3.1 
Steel COMMS: /si5)5c0cc creeds iiien anei 16.1.4.1(3), 17.1.4.1(3) 
Wood pallets, protection of .......... 12.12.1.2, Table 12.12.1.2(b), 
Table 12.12.1.2(c), A.12.12.1.2 
Control valves ..............000cccccecceeneeeeenees 8.17.1.4, 8.17.2.4.2(2) 
AGGESSIbility 0x4 ssn kA vie ihe eased Naah 8.16.1.1.7, A.8.16.1.1.7 
Advanced light water reactor electric generating 
Plants 50 ea anA Hana 21.30.2.1.2, A.21.30.2.1.2 
CIEAMTOOINS) Avis ssc, lensa sem Nano AE an Sasana alah 21.23.2.4 
Drain CONMECHONS: -asr or nata Ame aa 8.16.2.4.3, 8.16.2.4.7 
Electric generating plants and high-voltage direct current 
CONVErter STATIONS: paiese nerna i A.21.32.1 
High-rise buildings: oo... Wo... D.1.1.2.1, D.2.2.1.1 
Hose Connections .............oo. 8.17.5.2.2, A.8.17.5.2.2, 
Fig. A.8.17.5.2.2(a), Fig. A.8.17.5.2.2(b) 
Identifications sini iasand dee ane tes hn sah Kan bh gees NEA 8.16.1.1.8 
In-rack Sprinklers “...o.co..oo.oo.o0oooooom 8.16.1.6, A.8.16.1.6 
Marine systems Wwe enam desa 25.2.6.1, 25.4.12.2, A.25.2.6.1 
Multiple systems, fire department connections for ....... 8.17.2.4.3 
Outside'sprinklers.. ioi visa nda ang nmr aa 7.8.3 
Preaction and deluge systems ...............0cecce eee ence eee 7.3.1.8 
Refrigerated ‘spaces ui odo.mo.Xo»#W aman sks 7.9.2.5, A.7.9.2.5 
Sprinkler systems sae sven sas tanding tunas 8.16.1.1, A.8.16.1.1 
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INDEX 13-399 
TESIING winner siden iinis enoun pemanasan 10.10.2.4.3, 24.2.3.5 Sprinkler system types .........ok 3.4, A.3.4.6 to A.3.4.9 
Watercooling tOWETS enient eeni neiere 21.22.2.6.1 Storage sangan ata seriei salobaieas 3.9, A.3.9.1 to A.3.9.6.2 
Conventional pallets (definition) ................... 39.111, A.3.9.1.11 Deflectors 
Conventional sprinklers ......... see Old-style/ conventional sprinklers Clearance to storage ................ 8.5.6.1, 8.5.6.4, 8.5.6.5, 8.6.6.1, 
Conveying of vapors, gases, mists and noncombustible particulate 8.7.6, 8.8.6.1, 8.11.6, 8.12.6, A.8.5.6.1, A.8.7.6 
solids, exhaust systems for air ....................... 21.34 Obstructions below ................ 8.5.5.2.1, 8.6.5.2.1.1, 8.7.5.2.1.1, 
Conveyors 8.8.5.2.1.1, 8.9.5.2.1.1, 8.11.5.2.1.1 
Coal, underground conveyors for ............... 21.36.1.3, 21.36.2.1 POSKO adscensewiaxane 8.5.4, 8.6.4, 8.7.4, 8.8.4, 8.9.4, 8.10.4, 8.11.4, 
Electric generating plants and high-voltage direct current 8.12.4, A.8.5.4.1, A.8.6.4.1.2(5) to A.8.6.4.1.3.3, 
converter stations .................... A.21.29.1, A.21.29.2 A.8.7.4.1.3.2, Fig. A.8.7.4.1.3.2, A.8.7.4.1.3.3, Fig. 
Sprinklers: Obstructed Dy: woo...» co. 8.12.5.3.1(1) A.8.7.4.1.3.3, A.8.8.4.1.1.4(A), A.8.8.4.1.3, A.8.9.4.1.3.1, 
Waste and linen conveying systems ......... 21.15.2.2.2, 21.15.2.2.3 Fig. A.8.9.4.1.3.1, Fig. A.8.9.4.1.3.2, A.8.9.4.1.4, 
Cooking equipment and operations A.8.11.4.1 
Commercial ...............4. 7.10, 8.3.2.5(7), A.7.10.2, Fig. A.7.10.2 Deluge sprinkler systems .....................005. 7.3, 4.7.3.1 to A.7.3.3 
Residential 43.250 enedasann bentn ekses Maen Table 8.3.2.5(c) Advanced light water reactors ................. 21.27.1.3.2, 21.27.2.3 
COON CES war onani ena Medan AN anna PER see Refrigerated spaces Definition (sena en ANE BR NBA 
Core (paper roll) (definition) ................... 3954 Fire department connections ............. 8.17.2.2(2), 8.17.2.4.2(4) 
Cornice sprinklers: 0.55 .ceicisoaueispdns ena kenakan 7.8.8.5 Hydraulic calculations «......iecnnes awan annisa 7.3.3.2, 22.6 
Corridors Hydrostatic TSS 219400 Anna an menda Kana vats 24.2.1.12 
Design areas’... ccaitascculnvasevoalsencomdieds 11.2.3.3.6, 11.2.3.3.7 Hyperbaric chambers, Class A ..... 21.17.1, A.21.17.1.5, A.21.17.1.8 
Residential sprinklers in... 8.4.5.1, A.8.4.5.1 Open sprinklers. 5 be 003 Ken enewaieeanisasan Banana an dees 8.4.4.1 
Corrosion resistant piping .............. 8.15.20.1, 8.16.2.6.3, 8.16.4.2, Operational test mimik ancoinas menekuni ena benua 24.2.3.3 
21.21.2.10.1, A.8.16.4.2 PLOSCEMIUIM: OPENING Adis insan enam anda enanan shar deter 8.15.16.2 
Deni Oh sersa a eidwhe A n 3.8.1.2 Return bends: dee enter enaa EEES EENE A EEEO se 8.15.18.3 
Corrosion-resistant sprinklers 6.2.6, A.6.2.6.1 Spray application UCAS Sakara Ol 21.4.1.6(1) 
Definition |.......iiiiiioioioioiooioioiioioiysysil 111111113631 Test. COMMECONS: Ane nenen Ona en A una Ust SES 8.17.4.5 
Water-cooling towers 2, 21.21.2.10.3, Water-cooling towers ............... 21.21.1.1, 21.21.1.4, 21.21.1.7.1, 
A.21.21.2.10.2, A.21.21.2.10.3 A.21.21.1.1.1,A.21.21.1.1.2, A.21.21.1.7.1.1, 
Corrosion retardant material A.21.21.1.7.1.3 
Definition ran Pa OA YAN APA 3.8.1.3 Waterflow detecting devices ............seesrersererrerrereerree 6.9.2.3 
Underground pipe joint restraints .............. 10.8.3.5, A.10.8.3.5 Deluge valves .......... 8.17.1.3.1, 8.17.1.3.2, 8.17.2.4.2(4), 24.2.3.3.1 
Cotton, baled .............. 0.0. cece cesses eeeeaeeseesess See Baled cotton Density/area method ........... 11.2.3.2, 12.7, 22.4.4.1.1, A.11.2.3.2.5, 
Couplings 4 Lain none ab ana ban anna 6.4.5, A.6.4.5 A11.2.3.2.7,A.12.7.2, A.22.4.4.1.1.1 
Flexible listed pipe coupling ........ 9.3.2, A.9.3.2.3(1) to A.9.3.2.4 Aircraft engine test facilities ................... 21.26.1.1, A.21.26.1.1 
TELLER OTIS Ann Ri sel eee un done ten apaan 3.5.7 Baled Cotton: storage ......o.o.oo..o.m#ooooomo.»cocooo. 20.4.2 
Cover plates: erie mana anai 6.2.7.3 Design densities, calculation procedure ...........JJ...... 22.4.4.5 
Gp secon 9.3.5.6.2, 9.3.5.6.3, 9.3.6.4, A.9.3.5.6.2, A.9.3.5.6.3, A.9.3.6.4 Miscellaneous storage «10.0.0... .seee cence eeee reece eee ee eens 13.2.2 
TGR TOT ANA A ANE yess canta ANE KN beast 3.11.1 Palletized, solid piled, bin boxes, or shelf storage ...... 14.2, A.14.2 
CYOSS MAINS aan Fig. A.3.5 Plastic and rubber commodities ................000005 15.2, A.15.2 
DefimlbOn- Leena one sur sancaedesnauneseargrudoidesvanenrsancesees 3.5.5 Rack storage 
Hangers, location ........ooooooWooo 9.2.4.2 to 9.2.4.4 Over 25 ft. in height ... 16.3.1, 17.3.1, A.16.3.1.1, A.17.3.1.1, C.23 
Sway bracing .............. 9.3.5.3.1, 9.3.5.3.6, 9.3.5.11.1, A.9.3.5.3.1 Up to and including 25 ft. in height ................. 16.2.1, 17.2, 
Cryogenic fluids, storage use and handling of .................... 21.12 A.16.2.1.3.1 to A.16.2.1.3.5, A.17.2.1.1, A.17.2.1.3, 
Cultural resource properties ..............J......... 21.31, A.21.31.1 A.17.2.1.8, C.8, C.9, C.14, C.15, C.19, C.20, C.22 
Curtains, privacy ......... 8.6.5.2.2, 8.7.5.2.2.1, 8.8.5.2.2.1, 8.9.5.2.2.1, Roll paper storage ..............oooWooootaaaa 19.1.2.1 
A.8.6.5.2.2.1, A.8.7.5.2.2.1, A.8.9.5.2.2.1 Selection of density and area of application ................. B.2.1.2 
Cutoff rooms, plastic pallets stored in .................... 12.12.2.2(1) Wood pallets .............. 12.12.1.2, Table 12.12.1.2(a), A.12.12.1.2 
Cutting, oxygen-fuel gas systems for ..................oo. 21.10 Design, sprinkler system ...... Chap. 11, B.2.1.1: see also Density/area 
Cutting tables, sprinklers obstructed by ........... 8.5.5.3, 8.6.5.3.3, method 
8.7.5.3.2, 8.8.5.3.2, 8.9.5.3.2 Adjacent design methods: 4.0. 12.3, A.12.3 
Cylinders ASCE/SEI 7, design approach to conform to .............. Annex E 
Acetylene cylinder charging plants ............k Marine SYSLEMS oo ente 25.5, A.25.5.2, A.25.5.3 
Compressed gas and cryogenic fluids in Miscellaneous SLOTABC veeeeeeeeeeeeeeeeteeeeeeeteeeeeeeeetete tenes 13.2 
Occupancy hazard fire control ...... 11.2, A.11.2.1.1 to A.11.2.3.4.2 
Palletized, solid piled, bin boxes, or shelf storage 
-D- Class Ito TV commodities Lawan eni niinno Chap. 14 
DGCKS ah ain ant. Seeecacer RANN 8.15.7, A.8.15.7 Plastics and rubber commodities ................00..000: Chap. 15 
Pipe hangers under metal ..... Jo. 9.2.1.4, A.9.2.1.4.1 Room design method .......... 11.2.3.3, 12.7.1, 12.10, A.11.2.3.3.1, 
Sprinklers obstructed by ............... 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, A.12.10.1 
8.8.5.3.2; 8.9.5:3.2 Special design approaches ........ 11.3, 14.5, 15.4.5, 16.3.5, 17.2.5, 
Decorative sprinklers ...................oaa A.11.3.1.1 to A.11.3.2.1, A.17.2.5.1.1, C.20 
Definito AN Na PA PA Sa PE Special design areas ....... iseen Eionn 11.2.3.4, A.11.2.3.4.2 
Deep fat fryers 4.» aoi icin mow anna Desa 7.10.8.2, Fig. A.7.10.8.2 Detached buildings 8.2.5, 21.29.1.4, A.8.2.5 
Definitions Detection devices and systems ................... C.4; see also Waterflow 
Construction en deng ana aa DAS AS 72 alarms/ detection devices 
General definitions .......................... 3.3, A.3.3.2 toA.3.3.18 Cultural resource properties .......... JJ. 21,31.1.2.6 
Marine systems ..................5- 3.10, 25.1.3, A.3.10.4 to A.3.10.9, Delupe Systems. pronaren o n que Bean Baen as vc 7.3.3.1 
A.25.1.3(4) to A.25.1.3(9) High-expansion foam systems ........... 12.11.4, 16.1.5.3 
NEPA je ecasicueuee Mad ane Ord, 0S. 21 tOA3. 2:3 Optical flame detection, spray application areas ....... 21.4.1.6(1) 
Private water supply piping ............................ 3.8, A.3.8.1.11 PI OWAStE CIOS anakan an an tmnasn nata knee un ane NN nga 8.14 
Sprinklers cossera 3.6,A.3.6.1 to A.3.6.4.7.1 DE AON {552 susnad eaves Anna nan ORANG ANA NAS 3.6.3.6 
Sprinkler system components ...........J 35, A35 Preaction systems ............ 7.3.2.1, 7.9.2.8, A.7.9.2.8.1.1 
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13-400 INSTALLATION OF SPRINKLER SYSTEMS 
SPATE encndiissasgedisesoesdd benua Nanas esses Baba 25.3.2 Dry sprinklers ................... 7.2.2(2), 7.4.2.4(2), 8.4.9, A.7.2.2(2), 
Water-cooling towers, heat detectors for 21.21.2.8 A.7.4.2.4(2), A.8.4.9.1, A.8.4.9.2 
Dielectric fittings ......................... 7.7.1.1.4 Definition dinas mean banana erna nana Tan 910.312, A.3.6:9.2 
Differential-type valves 242115 Preaction systems ............J.u. 7.3.2.5(2), A.7.3.2.5(2) 
Discharge characteristics, sprinklers ............. 6.2.3, Table A.6.2.3.1 Ducts 
Docks, exterior ...........0.cccccescesceeeeeeseeesecesevuaeveaeeneees 8.15.6 Sprinkler piping below, support of ...... JJ. 9.2.1.5 
Doors Sprinklers in ............. 7.10.2 to 7.10.7, Table 8.3.2.5(c), 8.15.12, 
Automatic or self-closing ............0ceeeeeeeeeeee eee es 11.2.3.3.5(3) Fig. A.7.10.2 
Idle pallet storage above... 12.12.3 Cleanrooms .......... 21.23.1.3, 21.23.2.3, 21.23.2.4, A.21.23.1.3, 
Overhead Soon tam belaka stones s i see Overhead doors A.21.23.2.3 
Dormitories .............o. D.1.1.4, D.1.1.5, D.2.17, D.2.18 Spray application areas ........e..su 21.4.2.1, A.21.4.2.1 
Draft curtains ... 8.4.6.4, 12.1.1, A.12.1.1.1, A.12.1.1.3, C.6 8 kana Shafts .....00eeeeeeeeeeeeeeeeeeeeeeeees ner Ha 
EAA tite! 1542 D.1.1.4. 1.1.6.3. D.1.1.7. PINKIE TCAD aipa tanita ngadat oubesanwauseade cae idee 
Drait stops D.1.1.9.1(3), Na pe ess ae Sprinklers obstructed by ............... 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, 
D2.20.2.9, D.2.93.2.1(3), D.2.24.2.1(3) 8.8.5.3.2, 8.9.5.3.2, 8.10.7.3.2, 8.11.5.3.2, 8.12.5.1.1, 
Drains ee enek 8.16.2, A.8.16.2.1 to A.8.16.2.6.1 . 8125310) f 
E E N AN T 6.9.5 Dwelling units ....................... 72811, 8.4.5.1, 8.15.8, A.8.4.5.1, 
Auxiliary ee 8.16.2.5, A.8.16.2.5.2.1, A.8.16.2.5.3.5 a T D.1.1.6, D.1.1.6.2, D.1.1.7, 
Diy pipe Valve: anoint ana E e OAT esa bana 7.2.5.4.3 Definiti EN R TAE 338 
Fire department connections ..........J. 8.17.2.6 Ban ae a 
Marine systems, discharge ......oooocooooooooooooo. 254.11 
PLESSULE: gauges mx ee pan alm Sekat 8.17.3 -E- 
System EEEE bana 8.16.2.1 to 8.16.2.4, A.8.16.2.1 to A.8.16.2.4.1 Early suppression fast-response (ESFR) sprinklers ESEETO 8.4.6, 8.12, 
System, main drain, or sectional ................. 8.16.2.4, A.8.16.2.4 12.1.3.2, 12.4.3, 12.6.7, A.8.4.6.3, A.8.12.2.2.3 to 
TESE siccsetanntinns obawoncienuatnaes 8.17.4.1, A.8.17.4.1, Fig. A.8.17.4.1 A.8.12.5.2 
Drain Valves: «door enim Kern inir ekr sa kenakan 6.7.3 Clearance to storage «iii» denis ban esrin ienien 8.12.6 
DiSChargeiO8 cure ieena nn 8.16.2.6, A.8.16.2.6.1 Denio M assesi cesksedweavsd wide cekcnuaranetvandcen DN an ee 
Marine Systems pires oon i sa e ns meme ana 25.2.6.2 Deflector position pecs ben nenen nenas a tiik reste rir baka 8.12.4 
Outside sprinklers da ani 21 ae san Angen aan ena aah E mb Sana 7.8.4.1 Discharge characteristics .............J 6.2.3.5, 6.2.3.6 
Drop ceilings .cssreccreriserivrresrerii 8.15.22.2, 8.15.22.3, A.8.15.22.3 Hydraulic calculation procedure .................0ce eee eee es 22.4.4.3 
Drop-out ceilings ..................... 8.15.14, A.8.15.4.5, A.8.15.14.4 Tdle Pallets nriran O Nana an se E EAA C.7 
Definition .......ccccccccccccccccccccccccucecccccccctecsensneneeees 33,7 Plastic pallets. «:...2s0cssesoarecsese se Table 12.12.2.1, 12.12.2.2(1) 
Marine Systems =. ddsiisuidcesanndtoarstwigd ARES EEE 25.4.7 Wood pallets .......... 12.12.1.2, Table 12.12.1.2(d), A.12.12.1.2 
Dry barrel hydrants 4 20 anon anakan 10.10.2.4.2 ae to Na eer 8.12.5, 16.2.3.5, 16.3.3.6, 
DERMItiON T E E an aan 32 17.234, 17.3.3.5, A.8.12.5.2 
Dry chemical extinguishing systems ........................ 21.4.1.6(1) Palletized, solid pile, bin box, or shelf storage ............ 14.4, 15.4 
Dry pipe sprinkler systems ...... 7.2, A.7.2, C.5; see also Combined dry Tabanan ATEAS . 16. e eee eee eat 8.12.2, A.8.12.2.2.3 
ibanrescioOn bri svs ack storage 
w o o o "E see 1033, 1739.417323 
Baled cotton storage ........oooocoooo Table 20.4.2.1 Plastics commodities ............ 17.2.3, 17.3.3, A.17.2.3, A.17.3.3 
Control mode specific application (CMSA) sprinklers eae EMER 25 A Na 1 2 23 1793 ~ 16 9 a eee 
used in sc... 8.4.7.1, 84721, 847.84 Keenan Tekan Denai aa a mantan St Gain ea Ta 
Cultural resource properties $.. esms MGM soo. 21.31.1.2.5 sn ea Mn as son ers 5 r ee ai : rae 
Soe oe Ne ee Spacing Lo. ... 8.12.3, Fig. A.8.12.2.9.3, A.8.12.3.1 (3) 
Earl -ession fast S ornkleri wedi 8.46.1 Steel columns mann apevanasseaveieisanes 16.1.4.1(3), 17.1.4.1(3) 
aT SUPPIESSION TASER SPONSE SPLINT ETS USERII Giaa ete “2.0. Temperature rating .......oo.ooooocococoooooooo 8.4.6.5 
Electric generating plants and high-voltage direct current Barthanake damase- cine protection from 9113.93 
Converter stations si beo kesana aces A.21.29.1 aq A9 ci ER PA ae Vee ae 
Eis department cophections Gece ey Cae 8.17.2.4.2(2) BO bens akan ana see Extended coverage (EC) sprinklers 
Palletized, solid pile, bin box, orshelf storage ..... 14.3.3, 14.3.6.1 Egg crate ceilings .............o.ooooo.. see Open-grid ceilings 
A g e rubbet Commodities essnee i wee Elastomers, classification of ............. 5.6.4, A.5.6.4, Table A.5.6.4.1 
PRE POLE CHON OE sesasine en ana Na Nenen ARENA ae 8.16.4.1.1 Electrical @GUip MEN... 8.15.10 
Preaction systems classified as ... 15.3.5, 16.2.2.6, 16.3.2.6, 17.2.2.6 UA Pra E 6.9.4, A.6.9.4 
Quick-opening devices Ma 7.2.3.3, 7.2.3.4, 7.2.4, 7.4.3.8, 24.2.3.2.1 Electric generating plants ........................4. A.21.29.1, A.21.29.2 
Residential sprinklers used im ..........e..ccocoWoo 8.4.5.2 Advanced light water reactor ... 21.27, A.21.19.1.1 to A.21.27.2.1.2 
Roll paper storage ......00.eeeeei eee etree Table 19.1.2.2 Hydroelectric generating plants ............J. A.21.30.1 
Storage, use fOr .......oo.oocooenatanaaaaan 12.4.2, 12.5, A.12.4.2 Elevator hoistways and machine rooms ..... Jo... 8.15.5, 
Test connections ................ 8.17.4.3, A.8.17.4.3, Fig. A.8.17.4.3 A.8.15.5.1 to A.8.15.5.4, D.1.1.9.2, D.1.1.10.2, 
Underground pipe: noda anna abah hand a 8.15.20 D.2.23.2.2, D.2.24.2.2 
Water-cooling towers .......... 21.21.1.1.1, 21.21.1.7.2, 21.21.2.1.3, Encapsulation (encapsulated storage) 
A.21.21.1.7.2.1, A.21.21.1.7.2.2 Definition, Mere ane coxduidacnisoaie Men ean lela 
Water delivery/demand reguirements Saat 7.2.3.6, 11.2.3.2.5, Palletized, solid pile, bin box, or shelf storage 
A.11.2.3.2.5 Early suppression fast response (ESFR) sprinklers .... Table 14.4.1 
Waterflow detecting devices ............ oa 6.9.2.2 Water supplies acs .us: vases kamen anna Keane TA Ten Table 14.4.1 
Dry pipe valves ........ 7.2.1(1), 7.2.3.1, 7.2.4.2, 7.2.5, 7.4.3, 7.9.2.6.2, Palletized, solid piled, bin box, or shelf storage, 
8.17.1.3.1, 8.17.1.3.2, 8.17.2.4.2(2), A.7.2.3.1, A.7.2.5, water demand. 20 eksis 14.2.1(3), A.14.2.1(3) 
A.7.4.3.2 Rack storage 
Low differential «sexi seveviwies sena csieevcsevadien vs 7.2.5.4.2 Ceiling sprinklers ................. 16.3.1.2.1, 17.2.1.2.1, 17.3.1.1, 
Marine systems naa Ea 25.4.12.2 17.314, A.17.3.1.1 
Operational tesis: simenn Ee E EO 24.2.3.2, A.24.2.3.2 In-rack sprinkler systems ................. 16.2.4.2.2, A.16.2.4.2.2 
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INDEX 13-401 
Engines, stationary combustion, installation and use of .......... 21.6, -F- 

A.21.6.1 Face sprinklers oo. 16.1.11.2.1, 17.1.10.2.1 
Equivalency to standard ......... eerren 1.5 Definition senne rescon esrin 334, A.3.9.3.4 
Escalators 5.» nat Penanaman a see Moving stairways Fasteners 
EscutcheonS oo coco deeesccessesnsedsvdsncsddvevesess 6.2.7, A.6.2.7.2 In concrete idea Nek odoin ec cio maan 9.1.3, A.9.1.3.9.3 
ESER sisa see Early suppression fast-response (ESFR) sprinklers Earthquake protection ........... 9.3.5.8.10, 9.3.5.9, 9.3.7, A9.3.5.9 
Exhaust systems POWUEEOPIVEN essre sirere oten nnun Dana cea vee 9.1.3.9, A.9.1.3.9.3 

Air conveying of vapors, gases, mists and noncombustible [n steel o....ssssssssrsrstsrerrisrenrrittertntenrttttt t 9.1.4, A.9.1.4.1 
pne De ee Dawood an 9.1.5 
parneulate solids e na O th ahs Fast-response sprinklers .....: see Early suppression fast-response (ESFR) 

Commercial-type cooking equipment .............. 7.10.2 to 7.10.7, sprinklers; Quick-response (OR) sprinklers 

Fig. A.7.10.2 . f Feed imans 0 menwa a EE E EAN TEAN ey see Mains 
Expanded (foamed or cellular) plastics ..... Table 13.2.1, Fig. 15.2.2, Film, cellulose nitrate motion picture .. <.. 21.7, A.21.7.2.3 
E 15.3.1, Table 15.4.1, Fig. 17.1.2.1, 17.2.3.1, 17.2.5.1.2(2) Finish, ornamental ............. 6.2.6.3; see also Ornamental sprinklers 
Defniton seba baba ban en RA se edon a a S Fire control (definition) .............0.0.cccccceceeeeceeeeeesesueues 3.3.9 
Exposed Group A plastic commodities ....... 13.2.1(6), Table 13.2.1, Fire department connections 8.16.1.1.1.3, 8.16.1.1.3.5, 

Fig. 15.2.2, Table 15.3.1, Table 15.4.1, Fig. 17.1.2.1, 8.16.1.1.4.2, 8.17.5.2, 12.8.5, A.8.16.1.1.3.5, 

17.314 Fig. A.8.16.1.1.4, A.8.17.5.2.2, Fig. A.8.17.5.2.2(a), 

DENMIION, Anak ane EN AN LE AN AR Os LA Fig. A.8.17.5.2.2(b) 
Exposure protection systems .......... 7.8, 8.3.4.2, 11.3.2, A.7.8.4.2.1, Definition Maa benua ena sana a aa OO. LA 

A.7.8.4.2.3, A.11.3.2.1; see also Adjacent occupancies Exposure fire protection: iicic.si.saesernccsdestace tes 7.8.2.2, 7.8.2.3 

Electric generating plants and high-voltage direct current Hydrostatic tests 1.0.0.0... cece cence eee eee eens 24.2.1.10, 25.8.1 
Converter stations .......cccecccccccecceccececees A.21.29.1 Marine systems ......... 25.2.7, 25.4.9, 25.8.1, A.25.2.7.1, A.25.2.7.7 
Hydraulic calculations ............. 11.3.2.1, 22.7, A.11.3.2.1, A.22.7 Specifications ..........06sseeeeeeeeeeeees 6.8, 8.17.2, 4.6.8.1, A.8.17.2 
Operational tests. 3073 wir Pon KUE ooh NN UN using 24.2.6 . Underground steel pipe used With .........2eeeeeeeeeeeee eens 10.1.3 
Watercooling tOWEFS ........ooooocoocoooWooo 21.21.1.6 Fire protection features, Life Safety Code .............. D.1.1.1, D.2.1 
Extended coverage (EC) sprinklers .......... 11.2.3.2.2.3, 11.2.3.2.2.4, Pire pumps 3815 
11.2.3.2.3.1, 11.2.3.2.4(1) NONA AAN AAN NAN P SRI GAN PADA PORN AKUN Gili Kalian 
Ceiling pockets .......ooooo 8.8.7, A.8.8.7.1, A.8.8.7.2(4) Mens Opa mana high-voltage direct an Sian 
Clearance to storage 8.8.6, A.8.8.6 Hose demand and . Deen EA T r ana 12.8.2, A12.82 
Daan Ba aa ee ene ON 10.43 Hydroelectric generating plants .............. A.21.30.1 
Deflector position’ sinss swssseesceeves 8.8.4, 8.9.4, A.8.8.4.1.1.4(A), Marine systems ................. 95.6.1, 25.7.3, 25.7.4.1, 95.7.4.5 
A.8.8.4.1.3, A,B.9.4.1.3.1, Fig. A.8.9.4.1.3.1, Fig, 25.8.3.1, 25.8.3.2, A.25.7.3.3 to A.25.7.3.13 | 
. A8.9.4.1.3.2,4.8.9.4.1.4 ROOM /NOUSE: cis ivanine necessaries La UE KN KA 21.27.1.8 
Obstructions to discharge... 8.8.5, 8.9.5, Underground pipe, tests Of ...............o 10.10.2.4.4 
| A8.8.5.2.1.3 to 8.8.5.3, A.8.9.5.2.1.3 to A.8.9.5.3 Firestopping ........ooooooooocooooccoWoo 11.2.3.1.4(4) (h) 
Permitted Uses .....ooe ee aan 8.4.3 Fire suppression (definition) ..................0:eceeeeeeeeeee 3310 
Plastics display/storage, retail stores .......... 20.3.1(1), 20.3.2(1), TIENS Like ba en Mbak nga Asa aes 6.4, A.6.4.2 to A.6.4.5 
20.3.3(1), 20.3.4(1), 20.3.5(1), 20.3.6(1) Buried const Acs asnadonlttlcadsedaseuadetigendertenas 10.2.5, 10.3, A.10.2.5 
Protection areas ........ 8.8.2, 8.9.2, A.8.8.2.1,A.8.8.2.2.1,A.8.9.2.1 Circulating closed-loop systems ................ 7.7.1.1.2 to 7.7.1.1.4 
Sidewall spray ............cocoo cetoel Delete AEE A A E A OT 7.7.1.1.4 
Spacing Low ana TP eee ee es Equivalent pipe lengths .......o..oo.Wo.oooosean 22.4.3 
Upright and pendent GO OVER 15.0 Gcacsaasetatanssaciatemmiuacaeas erangan na 10.3.2, 10.8.1.2 
Extra hazard occupancies ............. 5.4, 11.2.1.3(3), A.5.4.1, A.5.4.2 Joining with pipe .......... 6.5, 10.3, 10.8.1.2, A.6.5.1.2 to A.6.5.4.5 
Acetylene cylinder charging plants ............. 21.10.1.1 Marie Systems: ca... bimnekaa agan das 25.2.4, A.25.2.4.1 
Compressed gas and cryogenic fluids, storage, use and Materials and dimensions ................... Table 6.4.1, Table 6.4.3 
haMdling LN nk erna nenen 21.11.1.2 Outside sprinklets011 joss choses eana ERE TEE DRET 7.8.5 
Group SOM ceccsccscesecsesetseasecsecneneecesenes 5.4.1, A.5.4.1 PTESSUTE 4 22000 none nsdn Henna bee kanan asa 10.3.3 
Grog DN Lain ananda nina nann T E ABAD Pressure limits ........ooo.ooWo neonatal 6.4.4, A.6.4.4 
Hydraulic calculations |... 29.5.4, A.22.5.4 Solvent cement, use Of... 8.3.1.4 
Motion picture/ television soundstages and production Threaded ...... AE ea 6.5.1, 10.3.1, 10.8.1.2, A.6.5.1.2 
TTC TTT or ORE OL OE Le nO 21.19.2 Underground piping .....................5: 10.2, 10.3, 10.6.5, 10.7.1, 
Nitrate film, rooms containing ......... Ja 21.7.1.1 , 10.7.3 to 10.7.5, 10.7.11, A.10.2.4, A.10.2.5 5 
Openings, protection Of ........oooocooo 11.2.3.3.5(3) Water-cooling towers ........... peneeressatesssenscens cess 21.21.2.10.1 
Plastics storage iés.csi5.205 ranie enit roA an eons 17.1.7.2, 17.2.1.4 . Welded saat Mena apni 6.5.2, 10.8.1.2, A.6.5.2.2 to A.6.5.2.4.2 
Roll paper storage .......oo.ooooooooo oo en n enam aman 19.1.2.1.2 Fixed guideway transit systems .......... Joan 21.18 
Spray areas and mixing areas ..........JJ.. 21.4.1.2, 21.4.1.7 Fixed obstructions ..............ooecsseteaka 8.10.6.3.2, 8.10.7.3.2 
Sprinkler types used IN .......ccscesecsseseesesseesessevseseees 8.4.1.2 Flammable and combustible liquids, protection of ................ 21.2 
Extended coverage sprinklers ssesrecssrarissisrreersse 8.8.2.1.3 Fammable and combustible materials, spray applicationi 
; 5e spi USING arne en E ees 21.4, A.21.4.1.1, A.21.4.2.1 
High temperature sprinklers CREE E AR E EN Pn eee eae 11.2.3.2.6 Flat ceilings -Llo n E OTEN les see Ceilings 
In-rack sprinklers Mananta 16.1.8.2 Flexible listed pipe couplings ....................... 9.3.2, 9.3.5.3.8, 
Pendent/upright sprinklers .................ecceeee eee eee 8.8.2.1.3 A.9.3.2.3(1) toA.9.3.2.4 
Quick-response sprinklers ...............0.000seeee eee 11.23:222 E an Ann ae ott Mies detent nba 3.5.7 
Special sprinklers «........00 00sec tes 8.4.8.2(4) Flexible sprinkler hose fittings .................... 9.2.1.3.3, A.9.2.1.3.3 
System protection area limitations .................. 8.2.1(3), 8.2.3 Floors 
Water demand requirements ................ 11.2.2.2, 11.2.3.1.4(2), On-floor storage, tires .........J.J. 18.3(2), Table 18.4(a) 
11.2.3.2.2.2, 11.2.3.3.5(3) Openings oo. 8.15.4, 9.3.4, 22.5.1.5, A.8.15.4, 4.9.3.4 
Extra large orifice (ELO) sprinklers .....................:0: eee C.22 Slatted. renine en ga dee ste Inna nae EENE 22.5.1.5 
Eye rods ci ae inna nana nana vious decsmmeeceevas EIEE 9.1.2.5 Spaces IN Er sss woes reesi T SENANG PAMERAN ANE NA Ba ceases 8.15.6 
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13-402 INSTALLATION OF SPRINKLER SYSTEMS 
Flow-declining pressure characteristics ............... JJ... B.2.1 Fasteners 
Flow hydrants (definition) ..................0..0cceeeeeeeeeee ees 3.8.2.1.2 Tni con Grete: aie EN EEE ERNEA 
Flue spaces ....... see Longitudinal flue spaces; Transverse flue spaces Tn Steel. senyo 
Flumes, water supply connections from .............J.oo.. 23.2.5 In Wood) Arisa means ceases 
Flushing hong tan serbnyanaonn 8.16.3, 10.10.2.1, 24.2.1.13, A.10.10.2.1 Installations ...4.ccceesenseeeesnavaes 
Flush sprinklers (definition) .............. 3.6.2.2 Mains, location on 2, 
Foam-water sprinkler systems .................... 21.30.1.5, A.21.30.1.5 Marine systems .......... 25.2.5.1(5), 25.2.5.1(6), 25.2.5.3, A.25.2.3 
Formulas, hydraulic ................ 000.0 ccc e cece eee eee eee eee eee 22.4.2 Non-system components, support of ............... 9.1.1.7, A.9.1.1.7 
Foundation walls, piping through/under .......... 23.1.6.2, A.23.1.6.2 Post-installed anchors ...............0ceeee eee eeees 9.1.3, A.9.1.3.9.3 
Fout-way braces’ sinus visas cscamneceeeass 9.3.5.5, A.9.3.5.5.1 Powder-driven and welding studs ........... 9.1.3.9, 9.1.4.1, 9.3.7.7, 
Definition oi seeciecsniien teen es enna meki anna means Or LL.D A.9.1.3.9.3, A.9.1.4.1 
Figg ee eee ee eens eee see es Table 9.3.5.3.2(a), Table 9.3.5.3.2(b), Risers supported by ................0.0005 9.2.5, A.9.2.5.3, A.9.2.5.4.2 
9.3.5.6.2, A.9.3.5.6.2, A.9.3.5.6.3 ROS, osssoncsucenasccicesastedacerareanaersrdensassapendsersnierncSCe ROGS 
Definition 1000 siceciesntannndsneasinessararee menanam Os LL Trapeze ces banana 9.1.1.6, 9.2.1.3.2, 9.2.4.5, A.9.1.1.6 
Free-flowing plastic materials .... Fig. 15.2.2, 17.1.2.2; see also Plastics U-hooks Hen see U-hooks 
storage Water-cooling towers 21.21.2.10.1 
Definition  oya205 kena nan sense code n na Nommensen an Ooo LLG Hardware disease as Chap. 6 
Frëèžers Aan dsni ne una anal see Refrigerated spaces Hazardous areas 
Freezing, protection from ........ 8.4.9, 8.15.12.2, 8.16.2.6.6, 8.16.4.1, Protection Of PIPING ih Markisa AAN ban ngan 8.16.4.3 
10.5, 12.4.2, 22.4.4.5.1, A.8.4.9.1, A.8.4.9.2, A.10.5.1, Residential board and care occupancies ...... D.1.1.8.1, D.2.22.2.1 
A.12.4.2; see also Antifreeze systems Hazardous materials, storage at piers, wharves, and 
Friction loss formula ....................0.0 0c sees 22.4.2.1, 22,4,A,7 terminals Of bone sen sce csswecdes mane 21.22.1.4 
Fuel-fired heating unit (definition) ............................... 3.3.11 Hazards 
Furnaces | Lina nenen saban erisir esk 21.16, A.21.16.2.1, A.21.16.2.6 Adjacent es sere ccsedsiines 12.3, A.12.3; see also Adjacent occupancies 
With composite wood joist construction ........... 815.14 Multiple hazard classifications, systems with ........ 12.7.2, A.12.7.2 
Industrial oo ee AE bana Sawan ties 8.15.11, A.8.15.11 Hazen-Williams formula ......... 22.4.2.1.1, 22.4.3.2, 22.4.4.7, B.2.1.3 
Residential areas, sprinklers protecting ............ Table 8.3.2.5(c) Heat detectors ............. ccc cc ceecccccecccccuccesucceeunecers 21.91.2938 
Fusible elements ............ on 7.3.1.4 Heating systems 
Sprinklers near components ...........J..... 8.3.2.5(2), 8.3.2.5(9), 
Table 8.3.2.5(c) 
-G- Unit heaters, sprinklers installed below .................. 8.12.5.2(1) 
Gaseous agent extinguishing systems ....................... 21.4.1.6(1) Heat-producing devices 
Gases With composite wood joint construction .................665 8.15.1.4 
Cylinder storage ae nwodangbose ngan nana ali see Cylinders Residential areas, sprinklers protecting ................... 8.3.2.5(8) 
Liquefied natural gas (LNG), production, storage, and handling Heat-responsive devices, preaction and deluge systems ........ 7.3.1.4 
OEE 5.55 eneng a nana tmn EA an AM Ann namie 21.13 Heat-sensitive materials ........................ 25.4.10, A.25.4.10.1(4) 
LP-Gas at utility gas plants ..................... 21.12 Definition .................... 3.10.4, 25.1.3(4), A.3.10.4, A.25.1.3(4) 
Gas turbines, installation and use of stationary ......... 21.6, A.21.6.1 Heel (definition) .icccscccisiscenenecs edan nanas 3.10.5, 25.1.3(5) 
Gate valves ..........JJ....... 6.7.1.3.1, 8.16.1.1.2.3, Fig. A.8.16.1.1.4 Heel angle (definition) ................. 3.10.6, 25.1.3(6) 
GAMES: Laba Mba Ana nenen RN eka Ka see Pressure gauges Hexagonal bushings ...........J... 8.15.19.2, A.8.15.19.2 
Generators High-bay records storage, protection of ................. 20.7, A.20.7.1 
Standby emergency “oo. oom Mee eB enakan 21.27.1.7 High-challenge fire hazard (definition) ......................... 39.116 
Turbine “ko en ngan, RAG.» see Turbine-generators High-expansion foam systems ...... JJ... 12.11, .A.12.11, C.5 
Glass Idle pallets, protection of ......... 12.11.3, 12.12.2.2(1) (c), 12.12.4 
Atrium walls non Ry. SR ee eee D:1.1.1.1, D.2.1.2.1 Palletized, solid pile, bin box, or shelf storage .................. 14.6 
Windows Moses naga an Miya gece nasa see Window protection Plastic and rubber commodities .......... eee 15.5 
Glycerine osano one Mes RD a onde tan aleda halons 7.6.2.1, 7.6.2.2 Rack storage 16.1.5, 16.3.5.1 
Graph sheets . gr... .. 22 Wee sen eeeseseeesernenaeees 22.3.4, A.22.3.4 Roll paper storage ...19.1.2.1.6, 19.1.2.1.7, 19.1.2.2 
Gratings, sprinklers under .... 8.5.5.3.1, 8.5.5.3.3, 8.6.5.3.3, 8.6.5.3.5, Rubber tire StOTAGE s0... om nanti teisei enam 18.6 
8.7.5.3.2, 8.8.5.3.2, 8.8.5.3.4, 8.9.5.3.2, 8.10.7.3.4, High-piled storage ...... 8.2.1(4), 8.2.3, 8.4.8.2(4), 8.8.2.1.3 
8.11.5.3.3, 8.12.5.3.3, A.8.5.5.3.3 Definition: Hentai layer agundies coin AN AAN BNN AP Oo l de 
Graylty. chutes Qh. ...6....6sccseccceeeesne ace sssnes 21.15.2.2, A.21.15.2.2 High-rise buildings ....... 0 see Buildings, multistory 
GrayitygtankS BW ..........oocoooooo. 8.16.1.1.5, 23.2.4, A.8.6.1.1.5 High temperature-rated sprinklers ................... 8.3.2.3 to 8.3.2.5, 
Gridded sprinkler systems 8.4.7.3.2 to 8.4.7.3.4, 8.13.2.2, 11.2.3.2.6, 12.6.8, 
DOWNINON 4 Leena mn luna nak oO OA SAG 16.2.5.1.2(1), A.8.3.2.5 
Hydraulic calculation procedures .............. 22.4.4.4,A.22.4.4.4, Ceiling sprinklers, rack storage .............. C.14, C.23 
Fig. A.22.4.4.4 Electric generating plants and high-voltage direct current 
Préaction systems i covisoses:seginss einen ae tain nan enam Hi voles 7.3.2.6 CONVELLEL SLAtIONS' a3 ce. cased vee debs oimedens eins A.21.29.1 
Groove joining methods ... 6.5.3, 10.3.2, 10.8.1.2, A.6.5.3.1, A.6.5.3.2 High-hazard occupancies, distance beyond perimeters 
Ground floors, spaces under .......... Jan 8.15.6 FOF enwe Haase EEEE SEKE EE ETEK ena seeds A.8.3.2.7 
Guards, sprinkler cerig seenen Ee O E uban ae atensi Mel ee os 6.2.8 Plastic pallets, protection of 12.12.2.2(2) (b) 
Guest rooms or suites ............. D.1.1.4, D.1.1.5, D.2.17.2, D.2.18.2 Plastics Storage si ss:cscavsies cacdinaes Keenan akasia A.15.2.2 
Protection Criteria FOF vicsscneewe dens seonewn E o ia 14.2.4.2 
Roll paper storage .............c cece cece eee 19.1.2.1.4, A.19.1.2.1.4 
-H- Steel columns, fire protection of ........... 16.1.4.1(2), 17.1.4.1(2) 
Hangars, aifcraft io. cca asspcecccn yan edavedeniede nahan dens boa 21.24 High-voltage direct current converter stations ... A.21.29.1, A.21.29.2 
Hangers «eni ver erani erea Na ENEGA EES 6.6, 9.1, A.6.6 High water level protection, dry pipe systems ................... 7.2.5.4 
Branch lines, location ON sverre iri tet iaeoa 9.2.3, A.9.2.3.2 Hoods 
Component material! 4... eoomedtun binaan dana 9.1.1.5 Electrical equipment protection .................c cece ens 8.15.10.2 
Distance between, MaximuM ..............00ec eee eee eee 9.2.2, A.9.2.2 Sprinklers im sc jccneds cccesess 7.10.2.1, 7.10.4 to 7.10.7, Fig. A.7.10.2 
Earthquakes; subjection tutae ke wo bana 9.3.7 Horizontal barriers ........ 16.1.9, 17.1.8, 21.28.2.3, A.16.1.9, A.17.1.8 
DeNIMONS: da nan Benua endian menukarkan sminn) seakan aan Il DERINIION Hara Mrs nna s AAEE IE EEEE anna Dalan aa 3.9.3.5 
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INDEX 13-403 
Horizontal ceiling: sci.c9.. senin oin e Ta OE see Ceilings Graph! sheets: aiccusseiaciasosondencsion 22.3.4, A.22.3.4, Fig. A.22.3.4 
Horizontal channels (definition) ....................0.0eee eee eee 3.9.4.2 Methods kkn kkn diana metan Demian 121.1, 11.2.3, 4.11.2.1.1, 
Hose A.11.2.3.1.4(1) to A.11.2.3.4.2, Fig. A.11.3.1.1, Fig. 
Flexible sprinkler hose fittings ................. 9.2.1.3.3, A.9.2.1.3.3 A.11.3.1.3 
Hydraulic calculations «2...» om. tnta engan nana sas 22.9 Procedures .......o... 22.4, A.22.4.1 to A.22.4.4.9, B.2.1.3 
Miscellaneous storage Table 13.2.1 Rack storage ............... 16.2.1.3.5, 16.3.1.3, 16.3.3.4 to 16.3.3.6, 
Outside: mask aan ena OEEO REA see Outside hose 17.1.7.1, 17.2.1.3, 17.2.2.2, 17.3.1.3, A.16.2.1.3.5, 
Palletized, solid pile, bin box, or shelf storage ......... Table 14.1.3 A17.2.1.3 
Small aa 8.17.5.1, 12.2, 191122, A.8.17.5.1.1, Rubber tire storage, columns Within ..........Jo. 18.2.2 
A8.17.5.1.4, A.12.2, C.5 Symbols and abbreviations .............. 00. ecce eee eeee eee e eens 1.7.2 
Water supply allowance .......... 11.1.6, A.11.1.6.2(3) to A.11.1.6.6 Terminals, piers, and wharves .................. 21.22.2.1.2.1 (B) (5) 
Hose connections .............. 8.17.5, A.8.17.5.1.1 to A.8.17.5.2.2, C.5 cee 
‘ $ . Water CUT ATASAN AN NE E 11.3.3 
Fire department .........J3 see Fire department connections W: . 
. ` E ater supply requireMents: s4.0s50s9004 Kenek neniou ei 11.1.3 
Marine Systems nan inang sen ssseeseteasiasnge sine ces 25.4.9, 25.8.1 H: ss . A 
aa D ydraulic junction points ............... 60... e cece eee e eee ees 22.4.2.4 
Miscellaneous storage esenciu cece cece cece eee niseni 13.1.1 p a 
; : Hydraulic release systems 0... eerren 7.3.1.5 
One-and-one-half-inch see Hose, small : i 
Hose houses (definition) 3816 Hydroelectric generating plants ................... A.21.30.1, A.21.30.2 
ecg, E oh a oft toe ae eae oy ` Hydrostatic tests ................... 10.10.2.2, 24.2.1, 25.8.1, A.10.2.2.4, 
Hose StAUNONS oo kui nan Lema saka Naa anna 12.8.4, 21.30.2.1.3 A101022LA2421 
Hose streams .............. 12.7.4, 12.8, A.12.8.1, A.12.8.2 . -10.10.2.2.1, A.24.2. 7 7 5 
Aircraft engine test facilities ........... cee eee ee eee 21.26.1.2 Hyperbaric chambers, Class A ......... 21.17, A.21.17.1.5, soe 1.8 
Baled cotton storage .........ooocoo. 20.4.1.1, 20.4.1.2 Hypobaric facilities, Class E ........................ 21.35, A.21.35.1.11 
Concealed SpateS::.......coo1eka enamel 11.3.4.3 
Electric generating plants and high-voltage direct current -I- 
anes OEIC ER Stations AMM roe Identification ................. 00... cece sees esse eee see also Signs, caution 
BUNS tes oe eae iat Cea ame 25.5.3, eo Fire department connections 8.17.2.4.5, 8.17.2.4.7 
Multiple hazard classifications, systems with ........ 12.7.2, A.12.7,2 Hydraulieally desisned systems 94.5, A.24.5, Fig. A.24.5 
Nuclear power plants ............. 21.27.1.1, 21.28.1(2), A.21.27.1.1 a cee y pee ye Sore E 
Eo Eh ; : PIPE sation a lagu cat AAN NORE 6.3.8, A.6.3.8.1 
Palletized, solid pile, bin box, or shelf storage ........ Table 14.3.1, ; ae 
3 E E a Sprinklérs 22332 en ee ranan anna 6.2.2, 6.2.3.1, A.6.2.2, A.6.2.3.1 
14.3.5, Table 14.4.1, 15.1.1, Table 15.3.1, 15.3.4, C.8 Valves 6.74 816118. 25263 A674 
Plastics storage ............... Table 15.3.1, Table 15.4.1, 17.2.1.3.1, Me ee eee Re pt KU 
Table 17.2.2.1, 17.2.2.5, Table 17.2.3.1, 17.3.1.3 ae eas 
Rack storage systems ................005: 16.2.1.3.5, Table 16.2.1.3.5, Idle pallets .....oocoooooo Mann ak kn nm a ones see Pallets 
Table 16.2.2.1, 16.2.2.5, Table 16.2.3.1, 16.3.1.3, Incinerators, systems, and equipment bb eee teens eens 21,15, A.21.15.2.2, 
16.3.2.5, 17.2.1.3.1, Table 17.2.2.1, 17.2.2.5, Table Fig. A.21.15.2.2(a) to (h) 
17.2.3.1, 17.3.1.3, A.16.2.1.3.5 Indicating valves ............. 7.2.4.4, 7.10.9, 8.16.1.1.1.1, 8.16.1.1.1.2, 
Residential sprinklers ................0:sececeeeeeeeeee nee een ees 11.3.1.6 8.16.1.1.4.1, 8.16.1.1.5, 8.16.1.2.4, 8.17.1.4, A.8.6.1.1.5 
Roll paper storage ...............o.oan 19.1.1.2, 19.1.1.3 Cleanrooms ..jacsnse essen gecseiesie Geeirveseessivs Leases 21.24.2.4 
Spray application areas oom soda nda onani nana 21.4.1.3 Combined dry pipe-preaction systems ............... 7.4.3.5, 7.4.3.7 
Watercooling tOWEFS ............c. ocean 21.21.1,7:3 DEFINIOR 1 300 Kine2 250011 coe sweeaes set nnddeesreneedanne caters 9.81,15612 
Hose ValVes sssccciossstecscias oc ies ee aE LENCE V E saeene 12.8.5 Electric generating plants and high voltage direct current 
Hotels erernu an erea aE D.1.1.4, D.1.1.5, D.2.17, D.2.18 Converter Stations ierit nir i an bina A.21.32.2 
Hydrant butts (definition) ............... 387 Spray application ATEAS susuke th ah BEAN 21.4.1.5 
Ay drat iaoe eig ethane gs 8.17.5.1.3(1), 10.7.1, 10.7.3 to 10.7.5, Industrial occupancies 
10.10.2.4.1, 10.10.2.4.2, 21.27.2.1, A.21.27.2.1.2, HighstiSe visi ciiseccccsies isd oem eea D.1.1.11, D.2.27 
A.21.29.2 Industrial ovens and furnaces ........................ 8.15.11, A.8.15.11 
Definition sys seggi Rass Gent: a niian SiO Bel Information technology equipment ... 21.14, A.21.14.2.1, A.21.14.2.3 
Hydraulically calculated water demand flow rate ......... 10.10.2.1.3, In-rack sprinklers ................... 8.13, 16.1.8, 22.8, C.3, Annex C 
11.2.1.1, 11.2.3, A.11.2.1.1, A.11.2.3.1.4(1) to Cartoned record storage .......... 20.5.6.3 to 20.5.6.5, A.20.5.6.3.5 
| A112.342, Fig. A.11.3.1.1 Control mode specific application (CMSA) 
Definition ..........eeeeee este eee e teeters cee 38.18 sprinklers ............... Table 16.2.2.1, 16.2.2.2, 16.3.2.2 
Hydraulically designed systems see also Hydraulic calculations Discharge pressure ............ 13.3.2, 16.2.4.4, 16.3.4.3.1, 17.2.4.4, 
Circulating closed-loop systems ...............00005 F112, AF 12 17.3.4.4, C.19 
hah aa ie ak RGN pubes aa aan 733, ce High-expansion foam systems ............60..00eeee eee e eens 16.1.5.2 
EIUGE SYSTEMS s sise die Bete Eases ae nions AAA Horizontal barriers ... 16.1.9, 17.1.8, 17.1.10.2.2, A.16.1.9, A.17.1.8 
EXPOSUTE SYSTEMS: 4 voc, vig mean em aan 11.3.2.1, A.11.3.2.1 cea p p 
: a E Hose connections and is. ccs. eneeonna n o iea 8.17.5.1.3(5) 
Extra hazard occupancies ..........J. 22.5.4, A.22.5.4 , 
; : Kota goni el been ena aa na ree aces, 8.6.3.4.3, 16.2.4.2.7, C.17 
Fire department connections ........... 8.17.2.3(3) i 
E aa oe Plastics storage’ 4d seviusise santos 17.2.4.1, 17.3.4.1, A.17.3.4.1.3 
Information signs eisers i n essence ee 24.5, A.24.5, Fig. A.24.5 
ne = Storage Over 25 ft: encok nan 16.3.4.1, 17.3.4.1, 
In-rack sprinklers .......... 16.1.8.1, 22.8 A16.3411toA 163413. A173413 
K-factors less than K 5.6“... oo. coo.o. oo. oom 8.3.4.1(1) oa Ae P 
Marine systems TA 255.11 Storage up to and including 25 ft. in height ... 16.2.4.1, 17.2.4.1 
Palletized, solid piled, bin boxes, or shelf storage ....... 15.1.1, C.8 Miscellaneous storage... enakan 13.3 
Rack SLOTA RE ianei riya E E E ion 16.1.8.1, 16.2.1.1, 22.8 Obstructions to discharge EE EREE PEN 8.13.5, 16.2.4.2.5.1, C.17 
Residential sprinklers ...... 1.3.1.1, 11.3.1.3, 4.113.114, 4.113.135 Pipe 
Revamping Of... 8.15.19.5, A.8.15.19.5.2 Hangers oe ete 9.2.1.2 
Hydraulic calculations ..............J..oo 12.7.6, Chap. 22 SEES 16.1.8.1, 22.8.1 
Aircraft engine test facilities ...............J..o. 21.26.1.2.2 Plastics storage .......... 17.1.5.3, 17.1.5.4, 17.1.7, 17.1.8, 17.1.10.2, 
Cartoned record storage ..........sseeeeeeeeeeeeeeneeenenens 20.5.6.5 17.2.2.2, 17.2.4, 17.3.3.4, 17.3.4, A.17.1.7.4, A.17.1.8, 
Equivalent pipe lengths, valves and fittings ................... 22.4.3 A.17.2.4.2.3, A.17.3.4.1.3, A.17.3.4.2.3, C.19 
Exposure systems: jee andciedvesiscstenens a eian ES 22.7, A.22.7 Retail display/storage ...............ceceee eee ee eee 20.3.4 to 20.3.6 
POMS Keane NN 22.3, A.22.3.2 to A.22.3.5.1 Refrigerated Spaces. 0 sicesaasianceaassscesaaionaies 7.9.2.8.3, 7.9.2.8.4 
Formulas ony oe eE qncoagds AN EEN ntah Dean naa 22.4.2 Solid shelf racks ................. 16.1.6.3, 16.1.6.4, 17.1.5.3, 17.1.5.4 
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13-404 INSTALLATION OF SPRINKLER SYSTEMS 
Spacing Laced tire storage ..............0.0 0c cece eee eee eee e eee eee Table 18.4(d) 
Storage over 25 ft. ... 16.3.4.2, 17.3.4.2, A.16.3.4.2.4, A.17.3.4.2.3 IDES Tati nto) a MPAA eka anda BAN RAN BARU 3.9.4.3 
Storage up to and including 25 ft. in height .... 16.2.4.2, 17.2.4.2, Lakes, water supply connections from 23.2.5 
A.16.2.4.2.1 to A16.2.4.2.5, A.17.2.4.2.3, C.16, Landings ses siscvauican irontina NEE 8.10.6.3.2, 8.10.7.3.2 
C.16 to C.18, C.17 Large drop sprinklers, idle pallets tests ............................. C.7 
TANG Stra OE yee ous ama MEA glia E AL Ba AAN sit 18.5.2 Lateral braces ................ 9.3.5.3, A.9.3.5.3.1, A.9.3.5.3.2, Annex E 
Steel columns 3 seccsscsees demen esa 16.1.4.1.1, 17.1.4.1.1 Defi ON Le en ne ae deduced ack AN ON daa 3.11.4 
Storage over 25 ft... oo oo oo. 16.3.4, 17.3.3.4, 17.3.4, Libraries Lana aan 91.31, A.21.31.1 
A.16.3.4.1.1 to A.16.3.4.2.4, A.17.3.4.1.3, A.17.3.4.2.3 Stack areas’ os ced svbes cede raat vie savaeeed ater dan naa 8.15.9, A.8.15.9 
Storage up to and including 25 ft. in height ....... 16.2.2.2, 16.2.4, Life Safety Code... oo oo.#do.ocoo.Woco.W#.Wooen mena teed Annex D 
17.2.2.2, 17.2.4, A.16.2.4.2.1 to A.16.2.4.2.5, A.17.2.4.2.3, Light fixtures, sprinkler distance from ............... Table 8.3.2.5(c), 
C.16 to C.19, C.19 8.7.5.2, 8.7.5.3 
System control valves ...s.ssssesereseserrirerseses 8.16.1.6, A.8.16.1.6 Light hazard occupancies ......... 5.2, 11.2.1.3(1), 11.2.2.7, 12.9.2(4), 
TPE SWOT AGE! uan ne Eng ANE RAR An Mh 18.2.3, 18.5 12.9.2(10), A.5.1, A.5.2, A.12.9.2(4), A.12.9.2(10) 
Water demand see Water demand requirements Compact Storage Tisei masoien unii Regan EA N Tiaa 20.6.1 
Waterflow alarms ....sssssssssssssssssssssrsrsrersnsnrsssnsttnntnnt C4 Cultural resource properties .................. 21.31.1.1, A.21.31.1.1 
Inspections ........oo cocoa 8.1.2, Chap. 26, A.8.1.2 Fire department connections iss ensenis reei 8.17.5.2.1 
Cleanrooms ............. 21.23.2.5 Open-grid ceilings Lah den akal nana akad ai 8.15.13(1) 
Ducts, sprinklers in ..... 8.15.12.3 Openings, protection Of wanasan asean senen cure Benua 11.2.3.3.5 
Marine systems Yatai riire ea Dia an kapan katana an Naba ee 25.9 Pipëschedüle: seakan ea 22.5.2, A.22.5.2.6 
Installation TEETE Panen aan anna Chap. 8 Sprinkler types used in ........ooooooocoooooo 8.4.2(1) 
Application of sprinkler types .........o esek 8.4, A.8.4 Extended coverage sprinklers ............... 8.8.5.2.2, 8.8.5.2.2.1, 
HOt ec memanaskan 8.9.5.2.2.1, A8.9.5.2.2.1 
Basic requirements wisnu nyata enek ve 8.1, A.8.1 Refactor less thai A Mein aan Sana Daan Bea 8.3.4 
Fire protection features, Life Safety Code ................... D.2.1.2 Pendent/upright sprinklers ............... 8.6.4.1.1.3, 8.6.5.2.1.4 
Location 4 sides sentana 8.5 to 8.12, A.8.5.4.1 to A.8.12.5.2 8.6.5.2.2.1, 8.6.5.3.2, 8.8.5.2.2, 885.221 A865.2.14 ý 
Pipe:han gefsia wanna hu setelan AEE 9.2, A.9.2 A8.6.5.2 21 ; : Í ‘ 
PIpUNg crossed ccaana/se wheter ars 8.16, 10.7, A.8.16.1.1 to A.8.16.4.2.2 s Asceenanseeni inklers 11.2.3.2.3.1(2) 
Protection area per sprinkler ....... 8.5.2, 8.7.2, 8.8.2, 8.9.2, 8.11.2, ene P oe ne pee ee Tod Oa Fa 
8122 A8821 A.8 8 22.1 A 8.9.2.1, A.8.11.2 idewall sprinklers ..........Jo. 8.7.5.2.2.1, 8.9.5.2.2.1, 
, > : j | A.8.7.5.22.1,A.8.9.5.2.2.1 
AB.12,2. 23 Special sprinklers i 8.4.8.2 (3) 
PALING ossessi 8.5.3, 8.6.3, 8.7.3, 8.8.3, 8.9.3, 8.11.3, 8.12.3, Een a en ee ee A 8 3 31 A8 3 3 1 
A.8.6.3.2.3, A.8.6.3.2.4, A.8.11.3.1, Fig. A.8.12.2.2.3, Pn aa naga Na NA aan 
A.8.12.3.1(3) System protection area limitations ................000 8.2.1(1), 8.2.3 
Special situations ................. 8.15, A.8.15.1.2 to A.8.15.22.3 Water demand requirements ............. poe EE 11.2.3.1.4(1), 
System protection area limitations ..................0.605 8.2, A.8.2.5 11.2.3.1.4(4) (d), 11.2.3.1.4(4) G), 11.2.3.3.5, 
Use of sprinklers ........ooo. 8.3, 8.5, A.8.3.1.1 toA.8.3.3.1, (000 AM 28140), A.11.2.3.1.4(4) (d) 
A.8.5.4.1 to A.8.5.6.1 Lighting fixtures, sprinklers obstructed by ...... 8.11.5.3.2, 8.12.5.1.1, 
Waterflow alarms. 2540121 beken asam masukan 6.9.1 Tg 8.12.5.2(1), 8125310) 
Institutional sprinklers (definition) .............................. 3.6.3.3 Limited area systems ....... ae Fn tenes 4.2 
Instructions, system .............0ccccccccceeceeeeeeeeeeeeeeees 24.4, 25.9 Limited-combustible material (definition) keatas 3.3.13, A.3.3.13 
Intermediate level sprinklers ............ 8.5.5.3.3, 8.6.5.3.5, 8.8.5.3.4, Linen handling systems ... 21.15, A.21.15.2.2, Fig. A.21.15.2.2(a) to (h) 
8.12.5.3.3, 8.13.3.1, 16.1.6, 17.1.5.1, 20.5.6.3, A.8.5.5.3.3, Lines, branch. Jowo eka men sama abal see Branch lines 
A.20.5.6.3.5, C.3, C.9, C.11 Lintels ... 8.7.4.1.3, 8.9.4.1.3, A.8.7.4.1.3.2, A.8.7.4.1.3.3, A.8.9.4.1.3.1 
Definition... to WI... 3.6.3.4 Liguefied natural gas (LNG), production, storage, and 
Intermediate temperature-rated sprinklers ............ 8.3.2.4, 8.3.2.5, handling Of...“ eeeeeeen tenan 21.13 
8.4.7.3.2, 8.4.7.3.3, 12.6.8.1, 12.6.9, 16.2.5.1.2(1), Listed 
A.8.3.2.5 DeANINOH sarsies honan teas Imas INA 312:3, 
In-rack Sp Ale ....... 8 naires 8.13.2.2 Hangers. . niccsssconaumartiemasecnads 9.1.1.4, A.9.1.1.4.2, A.9.1.1.4.3 
Marine NA aa NN Pn NN nan 25.4.1 Pipe and tubing LEBARAN NURUL Nu Vistas a 6.3.6, A.6.3.6 
International shore connections ..... 25.2.7, 25.8.1, A.25.2.7.1, A.25.2.7.7 Sway bracing assemblies ...............ceceseeeeeseeeeeeeeees 9.3.5.10.1 
WORMITIOM, Borcsi dieran i 310.7, 25.1.3(7) System components and hardware .................... 6.1.1, A.6.1.1 
Isolation valves ...........ccccccccccccccccccccuuuecceceeceeeeeeeeenas 10.6.2 Underground pipe icici esecisasasaeciecen pose ccna’ 10.1.1, A.10.1.1 
Lodging houses 4.05... inii nan vaname one asnaan D.1.1.3, D.2.16 
J- Longitudinal braces .................J 9.3.5.4, 9.3.5.8.5 
5 TOGO aa aa NK NN nba 3.11.5 
Un E E ain 6.5, A.6.5.1,2 to A.6.5.4.5 Longitudinal flue spaces ........... 16.1.10.1, 16.1.11.1.1, 16.1.11.2.2, 
Brazed and soldered PELIE E Pan NAN NA TE aa PE ATAS 6.5.4, A.6.5.4 16.2.4.2.2, 17.1.7.4, 17.1.9.1, 17.1.10.1, 17.1.10.2.2, 
ere EXPANSION? We ne ba GE KKG Me en a: A.16.2.4.2.3,A.17.1.7.4, C.11, C.13 
End treatment non c 
Groove joining methods ................... 6.5.3, A.6.5.3.1, A.6.5.3.2 Sala Una an buk uan am Me Aa Perey 
RESUAINE fener snc ccceswadcdensanndaiane 10.8, A.10.8.1.1 to A.10.8.3.5 Kari ees ONTAS ETES AO eke NENS E S 
: 5 y suppression fast-response (ESFR) sprinklers ... 16.2.5.1.2(6), 
Underground pipe ............. 10.2.4, 10.3, 10.6.7, 10.8, 10.10.2.6, 16.3.3.5, 17.2.5.1.2(6), 17.3.3.4.2 
10.10.2.7, A.10.2.4, A.10.6.7, A.10.8.1.1 to A.10.8.3.5, ; E ea eae 
High bay records storage ...........0.c ccc cece eee eeeeeee eee eenes 20.7.3 
210.170.2.6 Plastics display/storage, retail stores 20.3.1 (12), 20.3.5(7) 
Welded acelei EEE ETE 6.5.2, A.6.5.2.2 to A.6.5.2.4.2 Ai P H 5°, SOEREN RR PU E ANA 
Jóists na Looped sprinkler systems ... A.21.29.1, A.21.29.2; see also Circulating 
closed-loop sprinkler systems 
L- DSTI Ma ea Has nane AAT 
Laboratories Louver ceilings ............. oa see Open-grid ceilings 
Chemicals: using erien E nan aan 21.8 Low-pressure blowoff valves ..............J..J. 8.3.2.5(3) 
Motion: picture fil Mein anna enna santana ananda 21.7.2.5 LP-Gas, storage and handling at utility gas plants ................ 21.12 
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INDEX 13-405 
-M- Muolteeycdle systems sorterrian aent ab KONENE EE anda 7.5 
Machine rooms, elevator ...........J...JJ. 8.15.5.3, A.8.15.5.3 Definition Be MEN aie ein sie Enia pins Sd Nana 3.4.8 
Main drain test connections ....... 8.17.4.1, A.8.17.4.1, Fig. A.8.17.4.1 Multistory buildings see Buildings, multistory 
Main drain valve test ........................... 24.2.3.4, A.24.2.3.4.2 ea E 21.34, A.21.31.1 
Mains ... 10.6.3, 12.8.3; see also Cross mains; Private fire service mains; 
Yard mains -N- 
Feed ssssrssrersererrsesers 8.16.4.1.3, 9.3.5.3.1, 9.3.5.3.6, 9.3.5.11.1, National Electrical Code ........................... 21.32, A.21.32.2.3 
f Fig. A.3.5, A.9.3.5.3.1 New technology secnopinicnsonso eninin eree dagen nE E en EEN EEA 1.6 
ea aeo esee aes Nitrate Filii ro Sa Sead AS TE BSA 21.7, A.21.7.2.3 
Hangers, location .......sssssisrstirsrseritttetttnterttetetrtttett 9.2.4 Nitrogen pressurized systems .................. 7.2.6.7, 7.9.2.4, 7.9.2.7, 
Heavily loaded, protection Of ....... ak 10.6.6 A.7.9.2.4, A.7.9.2.7 
Nuclear power plants see bees ences 21,27.1:2, 21.27.2.1, A.21.27.2.1.2 Noncombustible material (definition) MANA NN NN BiB 14 
Size Of a.s BAG BAN NAS RP BAN NP PN GAP 23.1.3, A.23.1.3.2 Nonfire protection connections to sprinkler systems ... 7.7, A.7.7.1.2 
Steep grades, restraint Or Giswscscesyes cea E IEEE EEES 10.8.1.3 Working plans ... 22.1.5, A.22.1.5, Fig. A.22.1.5 (a), Fig. A.22.1.5(b) 
Maintenance, system ........ liseer 8.1.2, Chap. 26, A.8.1.2 Normal pressure formula ................iooooococoo. 99 4.2.3 
Cleanrooms ..... aa ed ECE DEEE AE E 21.23.2.5 Nozzles (definition) ...........J..... 3.6.4.4; see also Spray nozzles 
Ducts, SPTAMKTETS AT 223511 anu ena aa 8.15.12.3 Nuclear power plants 
Marine systems ......ooocoooooooooanaaaa 25.9 Advanced light water reactor electric generating plants ..... 21.27, 
Marine systems oi...c0s0 830s cece esas canted adakan anime Chap. 25 A.21.19.1.1 to A.21.27.2.1.2 
ACCEPIANGE “....oi Wont nenen nana 25.8 Light water kaan 21.27, 21.28, A.21.19.1.1 to A.21.27.2.1.2 
Definitions ...... 3.10.8, 25.1.3 (8), A.3.10.4 to A.3.10.9, A.25.1.3(8) 
Design approaches osssseccsiisrireceris iiics 25.5, A.25.5.2, A.25.5.3 
Fire department connections ......... 25.2.7, A.25.2.7.1, A.25.2.7.7 -O- 
Installation requirements .............. 25.4, A.25.4.2 to A.25.4.12.1 Obstructed construction ............. 8.8.4.1.2; see also Obstructions to 
International shore connections ................e0eeee 25.2.7, 25.8.1, sprinkler discharge 
A.25,.2.7.1, A.25.2.7.7 Definition) cak keenam neces maan ncaa BTN, ABA 
Maintenance ALA ABIS SA BEN 25.9 Obstructions to sprinkler discharge ......... 8.5.5, 8.7.5, 8.9.5, 8.12.5, 
Occupancy classifications essersi cece eee eee 25.1.4, A.25.1.4 Fig. A.8.5.5.1, A.8.5.5.1 to A.8.5.5.3.3, A.8.7.5.2.1.3 to 
Partial installation ...o or TREEREN 25.1.5, A.25.1.5 A.8.7.5.3, A.8.9.5.2.1.3 to A.8.9.5.3, A.8.12.5.2; see also 
PIPING es ebeg 25.2.2, 25.2.4, 25.2.5, 25.3.3, 25.4.10, Early suppression fast-response (ESFR) sprinklers; 
25.7.4.5, A.25.2.2, A.25.2.4.1, A.25.2.5.1 to A.25.2.5.4, Pendent sprinklers; Sidewall sprinklers; Upright 
A.25.4.10.1(4) sprinklers 
Plans:arid calculations: «00an 25.6, A.25.6.4 Circulating closed-loop systems ......... aa 7.7.1.4 
REGUIreMeDIS san erna EEEE ERE RR 25.3, A.25.3.1 Control mode specific application (CMSA) 
Spare SPIINKIETS ss. adat bamaun semena EEE NENE 25.2.3 SPLINKlers:. deau nenas uang 8.11.4.1.2, 8.11.5, A.8.11.5 
System components, hardware, and use ..........J.... 25.2, Double jO1SE reesei E inna santana amen nana 8.6.4.1.5 
A.25.2.1 to A.25.2.7.7 Extended coverage sprinklers ...... 8.8.5, A.8.8.5.2.1.3 to A.8.8.5.3 
Val Yes 1 abah angan kah 25.2.6, 25.7.4.2, A.25.2.6.1 Fixed. sange batasi 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, 8.8.5.3.2, 8.9.5.3.2 
Waterisupplies..osicaisis anaes stascbeiascs 25.7, A.25.7.2.7 to A.25.7.4.6 Hazard, discharge prevented from reaching ....... 8.5.5.3, 8.6.5.3, 
Definitions sergas cena kate ew csssinaecouteants Oo LOO 8.7.5.3, 8.8.5.3, 8.9.5.3, 8.10.6.3, 8.10.7.3, 8.11.5.3, 
Marine thermal barriers ........... JJ... A.25.2.2 A.8.5.5.3, A.8.6.5.3, A.8.7.5.3, A.8.8.5.3, A.8.9.5.3, 
Definition .................... 3.10.9, 25.1.3(9), A.3.10.9, A.25.1.3(9) A.8.10.6.3, A.8.10.7.3, A.8.11.5.3 
Measurement, units Of ....... io 1.7.1 Tierack sprinklers sueann a ea e an 8.13.5 
Mechanical damage, protection from ................ 8.16.4.3.1, 8.16.5 Motion picture/ television soundstages and production 
Medical record storage .................... 8.15.9, A.8.15.9 FACIES ng nba a  n see aa aan 21.20.1, 21.20.2 
Mercantile occupancies .............. D.1.1.9, D.1.1.10, D.2.23, D.2.24 Ovenstanid furnaces aeree erand i nE TRDE A.21.16.2.6 
Metal/nonmetal mining and metal mineral processing Pattern development ................ 8.5.5.2, 8.6.5.2, 8.7.5.2, 8.8.5.2, 
FARES Mosop ea anna Hen BN DG snes 21.40 8.9.5.2, 8.10.6.2, 8.10.7.2, 8.11.5.2, A.8.5.5.2, 
Meter3j.... MP2... Menuai en enno seer etacevasa ness eases 23.1.7, A.23.1.7 A.8.6.5.2.1.3 to A.8.6.5.2.2.1, A.8.7.5.2.1.3 to 
INEZZANINES We 2 oa iiss sodas edareearedd wade siniraan 8.2.2, 22.5.1.5 A.8.7.5.2.2.1, A.8.8.5.2.1.3 to A.8.8.5.2.1.9, A.8.9.5.2.1.3 
Mines to A.8.9.5.2.2.1, A.8.10.6.2.1.3, A.8.10.6.2.1.9, 
GOAN NN ON naa 21.36, A.21.36.1.1.1 A.8.10.7.2.1.3, A.8.10.7.2.1.7, A.8.11.5.2.1.3 
Metal/nonmetal mining and metal mineral processing Performance objectives ............. 8.5.5.1, 8.6.5.1, 8.7.5.1, 8.8.5.1, 
facilities scrsnestedsngase Kawanan ater gaspiened queda rak 21.40 8.9.5.1, 8.10.6.1, 8.10.7.1, 8.11.5.1, A.8.5.5.1, A.8.6.5.1.2, 
Miscellaneous storage ..................0. cece rnrn 12.6.7, Chap. 13 A.8.10.7.1.5 
Definition on etek kaan akan nan ost aS, AOS, 1,18 Residential sprinklers ... 8.10.5 to 8.10.7, A.8.10.6.2.1.3 to A.8.10.7.3 
Density/area method Suspended or floor-mounted vertical ........... 8.6.5.2.2, 8.7.5.2.2, 
Design basis ...........J....... 8.8.5.2.2, 8.9.5.2.2, 8.10.6.2.2, 8.10.7.2.2, A.8.6.5.2.2.1, 
Discharge Crit€m a: scscscassscgereave cents saeetiesaseenes 13.2.1,13:3.2 A.8.7.5.2.2.1, A.8.9.5.2.2.1 
Hose CONNECHONG Hisense sanken ana 13.1.1 Occupancy classifications ... 5.1, 11.2.1.2, A.5.1; see also Extra hazard 
Tnerack Sprinklers: Hasan fenese unhavelerimattearaia ss aan 13.3 occupancies; Light hazard occupancies; Ordinary 
Tires (definition) ........... 3.9.4.4, A.3.9.4.4; see also Tires, rubber hazard occupancies; Special occupancy hazards 
Mixed commodities ................ 0.0 iane sinti eee eeee ees D612 Changes: moderen amen katana Banana san 3.3.2.6 
Mixing rooms, sprinklers for .... 6.2.6.4, 21.4, A.6.2.6.4.2, A.21.4.1.1, Manne ester aneka nan Dada ma ak ab an Sa DER 25.1.4, A.25.1.4 
A.21.4.2.1 Multiple hazard classifications, systems with ........ 12.7.2, A.12.7.2 
Motion picture studio soundstages and production Sprinkler types selected for use ... 8.4.1, 8.4.2, 8.4.4, 8.4.5, A.8.4.5.1 
facilities ...................0005 21.19, A.21.19.4, A.21.19.5 Water demand requirements ..............0..00ce eee e eens A.11.2.1.1 
Motor vehicle components ............see Automotive components on Pipe: schedule method. «0» niowontereenssa nasa 11.2.2, A.11.2.2.6 
portable racks Occupancy hazard fire control design approach .................. 11.2, 
Moving stairways .......... ion 8.15.4, A.8.15.4 A.11.2.1.1 to A.11.2.3.4.2 
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13-406 INSTALLATION OF SPRINKLER SYSTEMS 
Old-style/conventional sprinklers ................ 8.6.3.4.4, 8.15.13(1), Overhead doors 
21.23.2.1.2.1(B) Protection of area below \sis.csdieseseienasd sv rinane oinei 8.4.2(3) 
Dehimition: 342565 eka RGA Raon enam aan O ED, Sprinklers obstructed by ............... 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, 

On-side tire storage ...... Table 18.4(a), Table 18.4(c), Table 18.4(d) 8.8.5.3.2, 8.9.5.3.2, 8.12.5.3.4 
Definition: neo re nemn eni anna iie aan a NA DUO ED Owner's Certificate: esiis orra na OEA RAN en 4.3, A.4.3 

On-tread tire storage ..... Table 18.4(a), Table 18.4(c), Table 18.4(d) Oxygen-fuel gas system for welding, cutting, and 
Definition: 144 ses. iensnnie an an atu banten sauna 310146 allied processes ................ cesses sees eee eee eens 21.10 

Open-grid CeilingS 66.6550 acess dasa dace daensies ane 8.15.13, A.8.15.13 
Definition. esii ged tacient need sana Banana 4.3.7.2 -P- 

Openings A A a See cise haf Packaging (definition) ... 3.9.1.20; see also Containers; Encapsulation 
Pipe through, Clearance fOr wine an sekian kemanan 9.3.4, A.9.3.4 Paddle-type waterflow alarms ...................... 6.9.2.4, A.6.9.2.4 
an OF arrassar heras derei yo andnbas sirthi enient e 11,2,3.3,5 Painting, of sprinklers ............ 6.2.6.2, 6.2.6.4.4, 21.4.2.2, A.6.2.6.2 

Floors OPENINGS ee 8.15.4, A.8.15.4 Palletized storage ..........0.ccccceecsceeesevssevseeeseeseeess 5.6.3.1(1) 
Large OPEMINGS ... eee eeeeeeeeeeeererereteeeees Hatta 8.15.4.4 Deni ae ban ban Bein sneer tonne ene oa tenis 3.9.2.3 

Open joist construction Ann see Wood joist construction Discharge criteria Table 13.2.1 

Open racks (definition) ...........000. cette e eee 39377 Early suppression fast-response (ESFR) sprinklers ............. 14.4, 

Open sprinklers Table 14.4.1, 15.4 
Definition oi ..eeeeeeeee eee eet 3.6.4.6 Plastic and rubber commodities ....... 15.1, Chap.15, A.15.1.2, C.8 

Open-top containers .... 16.2.3.2, 16.3.3.2, 17.2.3.1.1, 17.3.3.1.1, C.12 Special design fOr 4 sexs sunan Keenan 14.5 
Definition... 39119, A.3.9.1.19 Sprinkler systemi Aes gtr cscs sccscavaskevseasoumorgerandnnes Chap. 14 
High bay records storage ........ Jek 20.7.1, A.20.7.1 ves asa cane acces Table 18.4(a), Table 18.4(b), Table 18.4(d) 

Open trusses i. Manna KERAS Na Ka 8.12.5.1.1, 8.12.5.3.2 Definition ........cccccccccccccccccccccecuununnneceveceeeeeenes 3.9.4.7 

Operational tests, system ..................... 24.2.3, 25.8.3, A.24.2.3.2 Pallets Daan ana aa anna aa see also Plastics 

Ordinary hazard occupancies ................ 5.3, 11.2.1.3(2), 11.2.2.7, Tole eos teken banana AEAT 12.12, A.12.12, C.7 

12.9.2(4), 12.9.2(10), A.5.3, A.12.9.2(4), A.12.9.2(10) High-expansion foam system protection ................. 12:11:3 
Airport terminals ..........J....... 21.25.1.1, 21.25.1.2, A.21.25.1.2 PIASUG sinis cae bean tin Dan na dad sates oes aman Sa la basa 12.122 
Compressed gas and cryogenic fluids, storage, use and Wood seen sortetan 12.12.1,A.12.12.1.1, A.12.12.1.2, C.7 
handling ken ank nan RA Rn 21.11.1.1 Rack Stra ge: iii ani nenen ma dives ae bosku 16.2.1.3.4.7 
Fire department connections ...............0sce eee ee eee 8.17.5.2.1 Slayers suda ngan den veietaass mhn seals 16.2.1.3.4.7 
Group 1 aitem batas snake 5D ALD BAL Definition: bec catinssauene eeso tanion Maneemanetncs OL 24 
GLOUP:2 uerdi peiie saksama ne na Naa kanan 21A 5.912 Types, and commodity classification ...... 5.6.2, A.5.6.2.2, A.5.6.2.3 
Laboratories using chemicals 21.8.1 Unit load (dehinition): e csccesssvinzaseeasadess arotancarse tenses Ol. 20 
Open-erid ceilings .......J. 8.15.13(1) WOO) “eitse sunatan kawanan saman senen Dana see Wood pallets 
Openings, protection Opa Eun ol na 11.2.3.3.5(3) Panel construction (definition) esesesesesssesosessosecsesssseseoe A.3.7.1 
Pipe schedule... i065 cos race enisinia Pantries 8.15.8.2, A.8.15.8.2 
Roll paper storage .... Paper ....... see also Compact storage, Roll paper storage, Tissue paper 
Roof, exterior .......... RR, Carton records storage 
Sprinkler types used in ...... oo 8.4.2(2), 12.6.7 Definition Bantal : ete eeeteeereeeeesees 3913, A.3.9.1.3 
Pendent/upright sprinklers ............... 8.6.4.1.1.3, 8.6.5.2.1.4, Sprinkler PLOLECHON «.... eee eeeeeeee sense 20.5, A.20.5.6.3.5, C.25 
8.6.5.3.2, A.8.6.5.2.1.4 Definition SFiS ais aise a te EE TN prrererererereeserererersreree 3.9.5.5 
Quick-response sprinklers nana CO PE 11.2.3.2.3.1(2) High-bay records storage, protection Of .............. 20.7, A.20.7.1 
Special sprinklers .......... gp... WP... geese eee 8.4.8.2(3) Partial systems aS TNA NSS MEE Una oreo 12.8.5(3), 25.1.5, A.25.1.5 
System protection area limitations ..................5. 8.2.1(2), 8.2.3 Pendent sprinklers ye eit 8.6, 12.6.2, 12.6.3, A.8.6.2.2.1 to A.8.6.7.2(4) 
Water demand requirements ................ 11.2.2.1, 11.2.3.1.4(1), Cabinets, protection for Rea oe: Kanaan : Pe aa 
11.2.3.1.4(4) (d), 11.2.3.144) (j), 11.2.3.3.5(3), Ceiling pockets .................. 8.6.7, 8.8.7, A.8.6.7.1, A.8.6.7.2(4), 
A.11.2.3.1.4(1), A.11.2.3.1.4(4) (d), A.11.2.3.1.4(4) (j) A.8.8.7.1, A.8.8.7.2(4) 
Ordinary temperature-rated sprinklers ... 12.6.8, 12.6.9, 16.2.5.1.2(1) Clearance to kaan Saos kapan asa Aoa Depan 
ary pe p Combined d ipe-preaction systems .................08e 7.4.2.4(3) 
Cartoned record storage ........... 20.5.6.3, 20.5.6.4.3, A.20.5.6.3.5 È ry Pipep y ops 
Ceiling sprinklers, rack storage .............J...... A.16.3.1.1, C.23 ara oe: fy ey ee ee Se ge an oa 
AONCEaled SPACES, AN Asis cekatan cadre Gan BAN nna nesenasir des 8.6.4.1.4 
Gompa tO E oversee anne ane sanak vedelewerddeeesice eden eile 20.6.3 Definition 
A We Gy ea tas 16:3.3.5; tage Deflector position ........o.o.ooocooco 8.6.4, 8.8.4, 8.10.41, 
Plastics storage .......... A.15.2.2 8.12.4.1.1 to 8.12.4.1.3, A.8.6.4.1.2(5) to A.8.6.4.1.3.3, 
Protection criteria for 142.41 A.8.8.4.1.1.4(A), A.8.8.4.1.3 
Steel columns, fire protection of ........... 16.1.4.1(2), 17.1.4.1(2) Dry pipe systems .........000cccccccceessceesseeeeees 7.2.2(3), 7.2.2(5) 

Orifice sizes l Elevator hoistways .............oooooooo 8.15.5.4, A.8.15.5.4 

Hydraulic calculation procedures ................. 22.4.4.8, 22.4.4.9, Extended coverage .................. 8.8, A.8.8.2.1 to A.8.8.7.2(4) 
A.22.4.4.8, A.22.4.4.9 Hanger assembly for .... 9.2.3.4.4, 9.2.3.5.2, A.9.2.3.4.4, A.9.2.3.5.2 
Nominal sizes ......oocooooooveten nenen Table A.6.2.3.1 Marine terminals, piers, and wharves .............. 21.22.2.1.2.1(B) 

Ornamental finishes ...............oooo eos 6.2.6.3 Obstructions to discharge ................. 8.6.4.1.2, 8.6.4.1.5, 8.6.5, 

Ornamental sprinklers ..................0sse cess eee eee terere: 6.2.6.3 8.8.5, 8.10.6, A.8.6.4.1.2(5), A.8.6.5.1.2 to A.8.6.5.3, 
Definition ...... 00... cce cece sete kn 3635 A.8.8.5.2.1.3 to A.8.8.5.3, A.8.10.6.2.1.3 to A.8.10.6.3 

Outlet fittings 0.00.0... ocean 6.5.5.2 Palletized, solid pile, bin box, or shelf storage ......... Table 14.4.1 

Outside BOS o e era cece cece eee eee ene eens 12.8.3, 12.8.4, 22.9 Permitted uses cevacevssedsd assirian iaei an BALI 
Miscellaneous storage ............ 0c cece eee e eee e eee ee eee Table 13.2.1 Preaction Systems .........0.0seeeeeeeeeeeeenenee 7.3.2.5(3), 7.3.2.5(5) 
Palletized, solid pile, bin box, or shelf storage ......... Table 14.1.3 Protection areas ...... 8.6.2, 8.8.2, A.8.6.2.2.1, A.8.8.2.1, A.8.8.2.2.1 
Rack storage systems ................055 (16.2.1.3.5) Table 16.2.1.3.5, Return bends mineral 8.15.18.1, 8.15.18.4, 25.4.8 

Table 17.2.1.3.1 Roll Paper. storage: cacsscustodeincacnundagoasenasseavaoess Table 19.1.2.3 

Outside sprinklers ..... 7.8, 11.3.2, A.7.8.4.2.1, A.7.8.4.2.3, A.11.3.2.1; ROOF protection USS Cage en remedada banana 7.8.8.6 

see also Exposure protection systems OPACING prene Nata Nenen encase 8.6.3, 8.8.3, A.8.6.3.2.3, A.8.6.3.2.4 

Ovens ............... 8.15.11, 21.16, A.8.15.11, A.21.16.2.1, A.21.16.2.6 Penstocks, water supply connections from ....................... 23.2.5 
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INDEX 13-407 

Peroxide, organic ......: see Organic peroxide formulations, storage of Marine systems an atun bana kannada an dehy aes naa Tania 25.5.1.2 

PIETS a eera E aan mremnbrafoin agen EES anna 21.23 Ordinary hazard occupancies ...........JJ..... 22.5.3, A.22.5.3.9 

Piles .. aa Na Pa ET see Solid-piled storage REVAMPING OF Wa icin waded e aa AAS AN SEA Hat 8.15.19.4 

Pile stability see Stable piles; Unstable piles Risers, size of 22.5.1.4, A.22.5.1.4 

Pilot AeteCtOrs Wine. 100100 nan sowadecin den igus as Mena Dee mana 8.14 Slatted floors/large floor openings/mezzanines/large 
Pefit koisen ek E Or sO platforms 

Pipe friction loss 22.4.2.1.1, 22.4.4.7 Stair tOWETS:...o.o.co.o oo. 

Pipes and piping .............. Fig. A.3.5; see also Fittings; Risers; Valves Underground supply pipe ........ oa 23.1.4 
Above drop-out ceilings ...... Jo. 8.15.14.4, A.8.15.14.4 Water demand requirements .................0.0055 11.2.2, A.11.2.2.6 
ABOVESTOUNA “co.id cidnsnevisehacena arenes 6.3, A.6.3.2 to A.6.3.8.1 Pipe stands 9.2.6, A.9.2.6 
Antifreeze systems ....... 7.6.3, A.7.6.3.1 to A.7.6.3.6 Pipe Support -besproeien na na bhn d bukan see also Hangers 
Bending niiina un na Si ON ORI UN Naa 6.3.7 Marine systems: atsean das saban 25.2.5, A.25.2.5.1 to A.25.2.5.4 
Circulating closed-loop systems ............... 7.7.1.1.2 to 7.7.1.1.4, Risers supported by hangers ............. 9.2.5, A.9.2.5.3, A.9.2.5.4.2 

7.7.1.2, A.7.7.1.2 Sway DIACING seser oies tenine E Stee asam 9.3.5, A.9.3.5 
Clearance ..... Lae OR aN Ann ado a anna 9.3.4, A.9.3.4 Pits, valves in ............ 8.16.1.1.6, 8.16.1.4, A.8.16.1.1.6, A.8.16.1.4.2 
Couplings ..... ANA ank ban Uas Aeon see Couplings Places of worship ................ 0.000 ecceeee eee eee eens 21.31, A.21.31.1 
Drainage: secde endemik asisiy ei 8.16.2, A.8.16.2.1 to A.8.16.2.6.1 Plans and calculations ......... aeee Chap. 22 
Enditieatment m rsenianoninn otsa aE AE EAE SORES 6.5.6 Marine Systems) 5:50 saccade so esicconsinomeces nvebeaeens te 25.6, A.25.6.4 
Equivalent lengths, valves and fittings ....................0.05 22.4.3 Predicting expected performance from calculations ........ B.2.1.4 
BUSHING OF meises obat care banana hinaan bulatan see Flushing Plastics 
Foundation walls, piping through/under ...... 23.1.6.2, A.23.1.6.2 Classification of ................... 5.6.3.3, 5.6.3.4.1, 5.6.4, A.5.6.3.3, 
Grounding: USE FOF woo. woo sn Leciaaen eevemee 10.6.8, A.10.6.8 Table A.5.6.3.3, Table A.5.6.3.4, Table A.5.6.3, A.5.6.4, 
Hazardous areas, protection of piping in ................... 8.16.4.3 Table A.5.6.4.1 
Heat-sensitive materials .................0.065 25.4.10, A.25.4.10.1(4) High bay records storage .............0.cec eee eee ees 20.7.1, A.20.7.1 
Hose connections for... 8.17.5.1.3 Pallets: enrete iaro ges 0101212 101510257 
Hydraulic calculations 22.4.4.5.2, 22.4.4.7, A.22.4.4.5.2 DENMUON “5.253 NN NAN TN aa MA NY MA YAA aa Dio PA | 
Hydrostatic tests: ccsssseuceassdie net uanen ian seas 24.2.1.10, 25.8.1 TAG: sinis on ito anakan mn nama onani 12.12.2 
Id Enti AO aesir Keane sacs samen eee Kane ETE 6.3.8, A.6.3.8.1 Reinforced (definition) ..........JJ... 3.9.1.22, A.3.9.1.22 
Installation Women 8.16, 10.7, A.8.16.1.1 to A.8.16.4.2.2 PLOGESSING bat ena RAR seine nies OSN OR AN eau ne an A.5.3.2 
Joni: sskdviasantons ena Na nan nana shan ANU ANT see Joints Retail stores, display/storage in .........J. 20.3, A.20.3 
Marine systems ................ 25.2.2, 25.2.4, 25.2.5, 25.3.3, 25.4.10, Plastics SLOTAPE: sepur ostero AERIENE E EERE EAEE 12.6.7 
25.7.4.5, A.25.2.2, A.25.2.4.1, A.25.2.5.1 to A.25.2.5.4, Discharge: criteria: sesocussersirisrictcirsras 13.2.1(2), Table 13.2.1 
A.25.4.10.1(4) Early suppression fast-response (ESFR) sprinklers ... Table 15.4.1, 
Materials and dimensions .............. 6.3.1 to 6.3.6, Table 6.3.1.1, 17.2.3, 17.3.3, A.17.2.3, A.17.3.3 
Table 6.3.6.1, A.6.3.2 to A.6.3.6 High-expansion foam systems ...........oon 15.5 
Outside sprinklers oringa eE it anda De EEDE 7.8.5 Motor vehicle components ................Ja 20.2, A.20.2 
Private fire service mains ...............$ see Private fire service mains Palletized, solid piled, bin box, or shelf storage .... 15.1, Chap. 15, 
Lane ia Gi tc Aan NN Sa NN an an PN deen 8.16.4, A.8.16.4.2 A.15.1.2, C.8 
GOTLOSION wa...» icon sense nenen see Corrosion resistant piping Pyroxylin plastic ............ see Pyroxylin plastic, storage of 
Earthquake damage .........JJo.. 9.3, A.9.3.1 to A.9.3.6.6 Rack storage: en an san Pena Banua 16.1.2.2, Chap. 17, A.16.1.2.2 
Freeing sareei niaan see Freezing, protection from In-rack sprinklers ............... 8.13.3.2, 17.2.4, 17.3.3.4, 17.3.4, 
Hazardous areas, protection of piping in ................ 8.16.4.3 A.17.2.4.2.3, A.17.3.4.1.3, A.17.3.4.2.3 
Mechanical damage .... gf, . ME....o.o... 8.16.4.3.1, 8.16.5 Over 25 ft. in height ..... 17.1.10, 17.3, A.17.3.1.1 to A.17.3.4.2.3 
Refrigerated spaces ................ 7 Q2 107.9.2.3, 7.9.2.7, A.7.9.2.7 Up to and including 25 ft. in height ................. 17.1.9, 17.2, 
SIZE ar 5m0 cesce Wh.. MO. ee see also Pipe schedule systems A.17.2.1.1 to A.17.2.5.1.1, A.17.2.1.8, C.13, C.19, C.20, 
Fire department connections ................. 8.17.2.3, A.8.17.2.3 C.22 
In-rack sprinkletg ...... D erionenn kis 16.1.8.1, 22.8.1 Retail Stores cade xa senideren a E a aG 20.3, A.20.3 
Light hazard occumpandigS ...........o.o Woo 22.5.2.2, Platforms 
22.5.2.4 to 22.5.2.6, A.22.5.2.6 Pipe schedules. aces meneni nenen nene aah angan ben Aoa 22.5.1.5 
Ordinary hazard occupancies .......... JJ. 22.5.3.4, SPACES UE cisuchsosrnenarinens sae OONO EAE, 8.15.6 
22.5.3.7 to 22.5.3.10, A.22.5.3.9 Plenums 
MBOIVETMACETMENIE, USEDE nine nian e ane seinri e Ana Mena 8.3.1.4 Sprinklers in .......... 7.10.2.1, 7.10.2.2, 7.10.5 to 7.10.7, 21.24.1.2, 
Sprinklers below ceilings ........ 8.15.19, A.8.15.19.2, A.8.15.19.5.2 Fig. A.7.10.2, A.21.24.1.2.1 
Sprinklers obstructed by .......... 8.5.5.2.2, 8.7.5.2.1.3, 8.8.5.2.1.3, Unsprinklered return air space ...........JJ...... 11.2.3.144) (b), 


8.9.5.2.1.3, 8.10.6.2.1.3, 8.10.6.2.1.7, 8.10.6.2.1.8, 
8.10.7.2.1.3, 8.11.5.2.1.3, 8.11.5.2.2, 8.12.5.3.1(1), 
A.8.7.5.2.1.3, A.8.8.5.2.1.3, A.8.9.5.2.1.3, A.8.10.6.2.1.3, 
A.8.10.7.2.1.3, A.8.11.5.2.1.3 


Steel .ccaeagianasicatsnedssaaiaead as in EEE makan ae mantan see Steel 
Sway DEAC wc... bat amen one dened mes EDE 9.3.5, A.9.3.5 
System: Subdivision’ ass. seesnseeiek aan ansesan dana 8.15.21, A.8.15.21 
Test connections .... 8.17.4, Fig. A.8.17.4.1, A.8.17.4.1 to A.8.17.4.6.1 
Threaded- sin snatiirersrananneesrdemmads see Threaded pipe and fittings 
Underground Ani scslesasiouamns aman see Underground pipe 
Unsupported lengths 4... cscccescectecesacccesees 9.2.3.4, A.9.2.3.4 
Watercooling tOWETS .........coooooooWo 21.21.2.10.1 
Welded sonene atearen 6.5.2, A.6.5.2.2 to A.6.5.2.4.2 
Pipe schedule systems ............. 22.5, A.22.5.1 to A.22.5.4 
Definition si5. senen nenen sedan aan rererere enei ALD 
Exposure SYSCEMS ......oo.ooooooooooooooooooo 11.3.2.1, A.11.3.2.1 
Inerack sprinklers Wi anta ae da tandamma nasa 16.1.8.1 
Light hazard occupancies .........JJ 22.5.2, A.22.5.2.6 


12.9.2(1), 12.9.2(2) 


Plug straps, underground pipe .... 10.8.3.3, 10.8.3.4 


Portable racks ..»...o.cooooo. oo veendinss cee ced dat enam re SOO RACKS 
Portable tanks, compressed gas and cryogenic fluids in ......... 21.11 
Porte-cocheres ......... ion 8.15.7, A.8.15.7 
Post-indicator valves .................. 8.16.1.1.4.1, 8.16.1.1.6, 8.16.1.3, 
A.8.16.1.1.6, A.8.16.1.3 
Post-installed anchors ........ Jk 9.1.3, A.9.1.3.9.3 
DETINItOM sierotami oant enen nan Ol 1, OpA B16 


Powder-driven studs/fasteners .... 9.1.3.9, 9.1.4.1, 9.3.5.8.10, 9.3.7.7, 
A.9.1.3.9.3, A.9.1.4.1 


Preaction sprinkler systems ....... 7.3, 12.4.2, 12.5, A.7.3.1 to A.7.3.3, 
A.12.4.2; see also Combined dry pipe-preaction sprinkler 
systems 
Advanced light water reactor electric generating 

PAIS 220100 teen nenas umum Sono 21.27.1.6.2 
Control mode specific application (CMSA) sprinklers 

used in ..... 8.4.7.1, 8.4.7.2.1, 16.2.2.6, 16.3.2.6, 17.2.2.6 
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13—408 INSTALLATION OF SPRINKLER SYSTEMS 
Cultural resource properties .......... 0 cece eee eee es 21.31.1.2.5 Purpose Of standard .i..6iccisseccieessacdcesasececes sauna 1.2, A-1:2 
Defimiti Oh. iore aoa eA EEEE ea ank kasa 09 ALO Pyramid tire storage 
Double interlock systems ............ 7.3.2.1(3), 7.3.2.3, 7.9.2.8.1.2, ID Jane kake) Maan Aa AN Na AA ATA 3.9.4.8 
11.2.3.2.5, 21.31.1.2.5, A.7.3.2.3.1.4, A.11.2.3.2.5 Pyroxylin plastic, storage Of ............... ccc cee cece eee e eee e teenies 21.8 
AIP TESE. Lani n3ne kena binds oie doe Aa mna oma aon brace AR nu 24.2.2 
Drainage ESRA seer 8.16.2,35, 8.16.2,5.2, 8,16.2.5.2, 
A.8.16.2.5.2.1, A.8.16.2.5.3.5 -Q- 
Fire department connections ..........k 8.17.2.4.2(3) OR errire nt EEI see Quick-response (QR) sprinklers 
Marine, supervision of QREC .....: see Quick-response extended coverage (QREC) sprinklers 
Operational tests 4. men aandnad an nama aa eana 2.3. ORES ........ see Ouick-response early suppression (ORES) sprinklers 
Palletized, solid pile, bin box, orshelf storage ....... 14.3.3, 14.3.6 Quick-opening devices ........ 7.2.3.3, 7.2.3.4, 7.2.4, 7.3.2.3.2, 7.4.3.8, 
Plastic and rubber commodities . 24.2.3.2.1 
Piping, Protection OL dics vide soaa nina ane Anas Bea Quick-response early suppression (QRES) sprinklers 
Rack Storage: esisssis content ced ates Shaun (definition) ........................... 3.6.4.7.1, A.3.6.4.7.1 
Refrigerated spaces ............J.. 7.9.2.8, A.7.9.2.8.1.1 Quick-response extended coverage (QREC) sprinklers 
Residential sprinklers used in... 8.4.5.2 (definition) 2nd inn karun bore nian sdn 3.6.4.7.2 
Test cONNECHONS 4... enam aman caseseaae cee 8.17.4.4 Quick-response (QR) sprinklers ............ 8.4.5.3, 8.12.5.3.4, 12.6.6, 
Water-cooling towers .......... 21.21.1.1.1, 21.21.1.7.2, 21.21.2.1.3, 17.3.3.4, A.3.6.1 
A.21.21.1.7.2.1, A.21.21.1.7.2.2 Animal housing facilities .......... Jk 21.20.2.1 
Waterflow detecting devices ..............c ccc cece eee eee eee eeee 6.9.2.3 Apartment building dwelling units ............ D.1.1.6.2, D.2.19.2.2 
Preaction valves ............. 7.3.2.3.1, 7.9.2.6.2, 8.17.1.3.1, 8.17.1.3.2, Cartoned record storage ........... 20.5.6.3, 20.5.6.4.3, A.20.5.6.3.5 
8.17.2.4.2(3), A.7.3.2.3.1.4 Ceiling pockets: sio... Woo .ooocoommocrmm 8.6.7.2(6), 8.8.7.2(6) 
Operational (SIS. sae en snes sien nendang Ae mer mb anakan 24.2.3.3.1 Cleanrooms ban Kekek Benoa aan 21.23.2,2, A.21.23.29 
Pressure n... see also Air pressure; System working pressure Compact StOrage .....o.o.#o.ooco.(W#oio. 20.6.3, A.21.31.1.2.1 
Fittings, pressure limits for ...... oa 6.4.4, A.6.4.4 Definition kei iasrsiviore s Saget on doandiod aan engan eka Or Ip AsO OAT 
Hydraulic calculation procedure .... 22.4.4.9, 22.4.4.10, A.22.4.4.9 Extra-hazard OcCupanci€s .............0ccece cece eeeee noone 11,2,3.2.2.2 
Rated pressure of components .............. eee eeeee ene e eee ees 6.1.3 Guest rooms Or suites eiris scenas D.1.1.4.2, D.2.17.2.2 
Residual pressure: secie hn aneh ena aE see Residual pressure In-rack 16.3.3.5 
Static pressure (definition) |... 3819.2 Light hazard occupancies ................ 8.3.3.1(1), 8.3.3.2, 8.3.3.4 
Valves, pressure requirements ............... cece eee eee eee ees 6.7.1.1 Permitted USES cu dree arien ad mana naas ATAS 8.4.1.2 
PHESSUPE gages esporsi senen nenas iinit er. 8.16.1.2.2, 8.17.3 Rubber tire storage protection s srsesissareiso iieiaei A.18.4 
AGCCESSIDIN ty seian intra weiner EE RE 8.1.2, A.8.1.2 Water demand requirements ........ eee 11.2.3.2.3 
Delige systems e east tato emang enek ENE EE Yeo Ipa, 
Drains Len cencin eae sated N RN UR NN RO e Be see Drains 
Diy Pipe SVstEMS.gcciais sodesameededes Rea Leena an EI MEN den 7.2.1 -R- 
Outside sprinklers 00 56scccccavecgseasseendev ese cweeshsnemeniaane te 7.8.7 Racks 
PREACHON SYSLEMS: is senen sivhoroearsranwmors inte denen adah 7.3.1.3 DE ON Me SE BNN NN 3G ST 
Wet pipe systems oom. etedonseeeseneeeteenene es 7.1.1 Double-row ............. 16.2.1.3.1, 16.2.1.3.2, 16.2.4.1.1, 16.2.4.2.1, 
Pressure-reducing valves ...... 8.16.1.2, 8.16.2.4.5, 24.2.4, A.8.16.1.2.3 16.2.4.2.4, 16.2.4.2.5, 17.1.2.1.2, 17.2.1, A.16.2.1.3.1, 
Pressure regulating devices (definition) ............... 3.8.1.10; see also A.16.2.1.3.2, A.16.2.4.2.1, A.16.2.4.2.4, A.16.2.4.2.5, 
Pressure-reducing valves A.17.2.1.1, A.17.2.1.3, A.17.2.1.8, C.14, C.15, C.22 
Pressure relief valves .............. 0. ccc cceeeeeeeeeee enced see Relief valves Garton records StOTABE oo. mooooooooooomomc. 20.5.3(2) 
Pressure tanks oem WM range 23.2.3, A.23.2.3.3 Ceiling sprinklers ..................... 16.3.1.1, 17.2.1, A.16.3.1.1, 
Marine systems: ...0.cessee sce Mens sanga MMs seen sin lanes ananda A.17.2.1.1,A.17.2.1.3, A.17.2.1.8, C.22, C.23 
......25.6.1, 25.7.2, 25.7.4.1, 25.7.4.5, 25.8.3.1, A.25.7.2.7 Control mode specific application (CMSA) 
Privacy curtains .......ige 2... Rye: lpn GM osc eescvnscenseens see Curtains SPEAKERS: tosaw.oncevaneonenoban 16.2.2.1, 16.3.2.1, 17.2.2.1 
Private fire hydrants (definition) Lengan 22,3 Definition. srepun n aa R pO OO. 
Private fire service mains ........ 5, 8.16.4.3, 10.6.3, Early suppression fast-response (ESFR) sprinklers ..... 16.2.3.1, 
A.8.16.1.1.6 16.2.5.1.2, 16.2.5.1.2(6), 16.3.3.1, 17.2.3.1, 17.3.3.1 
Definition n aan 3, A,3.8.1.11 Flue'space “anakan 16.1.10, 16.1.11, 16.2.5.1.2(6), 17.1.9.1, 
Production facilities, motion picture and television ............. 21,19, 17.1.9.2, 17.1.10.1, 17.1.10.2, C.13 
A.21.19.4, A.21.19.5 In-rack sprinkler location ........ 16.3.4.1.1, 17.3.1.2, 17.3.4.1.1, 
Propylonęglycol s.c ercis e esas 7.6.2.1, 7.6.2.2 17.3.4.1.4, A.16.3.4.1.1 
Proscenium curtains/openings ..............oka 8.15.16.2 In-rack sprinkler spacing .........J...... 16.3.4.2.2, 17.3.4.2.1 
Protection for system components Plastics display/storage, retail stores .............. 20.3.1 
Corrosion .......5 see Corrosion resistant piping; Corrosion-resistant Solid Tack .sc2csetanehemessnocseavane 16.1.6, 17.1.5.1, 17.1.5.2, C.11 
sprinklers; Corrosion retardant material TESS NN caren NAN Na A NEEE PA US apne Da NN eae C.8 
Diy pipe Valvess Hoa aa hence aan ana 7.2.5, A.7.2.5 Movable 2x1 oneeswennena a CEEE EENE CANTS 16.1.3, 17.1.3 
Earthquake damage, pipe protection from .................. 9.1, 1.3, Definition Ae Aher ana ai sean bana OO Ol 2 A3 93 
9.3, A.9.3.1 to A.9.3.6.6 Multiple-row ........... 16.2.1.3.1, 16.2.1.3.3, 16.2.4.1.2, 16.2.4.1.3, 
EXPOSULE wani can Hoist ownnnan mana see Exposure protection systems 16.2.4.2.2, 16.2.4.2.6, 17.1.2.1.3, 17.2.1, A.16.2.1.3.1, 
BRECZING uae iaai n A EEA see Freezing, protection from A.16.2.4.2.3, A.17.2.1.1, A.17.2.1.3, A.17.2.1.8, C.14, 
PIpEk eat a ONR E Aa see Pipes and piping C.17, C.22 
Preaction and deluge water control valves .................... 7.3.1.8 Ceiling sprinklers ......... 16.3.1.2, 17.2.1, A.17.2.1.1, A.17.2.1.3, 
Protection provided by sprinkler system ...see System protection area A.17.2.1.8, C.22 
Protective coverings, sprinkler ............ 6.2.6.4, 21.4.2.2, A.6.2.6.4.2 Control mode specific application (CMSA) 
Public hydrants (definition) ............... 38214 SPTINKIETS: 053s secs nedvecmesene's 16.2.2.1, 16.3.2.1, 17.2.2.1 
Pumper outlets (definition) ................. 38112 Definition (aa daiwa awan ye DO Ooh Dp LEDS 
PUMP Miss aman annisa 8.16.1.1.6, A.8.16.1.1.6 Early suppression fast-response (ESFR) 
Bite: sent desa nenen Kementan UNA AE NN see Fire pumps sprinklers ............ 16.2.3.1, 16.3.3.1, 17.2.3.1, 17.3.3.1 
HOSE SIZED TOL ALA AN IS RAR BNN ONE 11.1.6.3 Fle spate 20k serens ores 16.1.10, 16.1.11, 17.1.9.1, 17.1.9.2, 
Water Supply espusa beban 12.8.2, 23.2.2, A.12.8.2, A.23.2.2 17.1.10.1.1, 17.1.10.2, C.13 
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INDEX 13-409 
In-rack sprinkler location ................... 16.3.4.1.3, 17.3.4.1.3, Refrigerated spaces ................... 7.9.A.7.9, 8.3.2.5(10), 8.16.2.3.3 
A.16.3.4.1.3, A.17.3.4.1.3 Releasing devices 
In-rack sprinkler spacing sragen iye aie oe ence ee 16.3.4.2.3 Deluge'systems: vssncciscengs cng issuri pedotan r UEa Eo 7.3.1.6 
Solid tak... Koi baa node cases 16.1.6, 17.1.5.1, 17.1.5.2, C.11 Preaction systems Lao. oom? cena sedne wanes anesne asn benda 7.3.1.6 
Portable ......... see also Automotive components on portable racks Relief valves ...........0:0..000005 7.1.2, 7.2.6.4, 8.16.1.2.3, A.8.16.1.2.3 
Ceiling sprinkler water demand ........... 16.2.1.3.2, 16.2.1.3.3, Marine systers: paserinan conrei Nien Kama Res anon 25.3.1, A.25.3.1 
A.16.2.1.3.2, C.15 Pressure tanks (marine systems) secccssssscsssectisswers 25.7.2.3 
Definition: Maa de been Beban an ce desiarhe nner ces Oooo Remote area of application .................... 14.2.2, 16.2.1.1, B.2.1.3 
Tire storage ......... Table 18.4(a), Table 18.4(c), Table 18.4(d) Residential board and care occupancies ............... D.1.1.8, D.2.22 
Single-row .............. 16.2.1.3.1, 16.2.1.3.2, 16.2.4.1.1, 16.2.4.2.1, Residential sprinklers .............. 6.2.3.4, 6.2.4.1, 8.4.5, 8.10, 11.3.1, 
16.2.4.2.4, 16.2.4.2.5, 17.1.2.1.2, 17.2.1, A.16.2.1.3.1, A.8.4.5.1, A.8.10.2 to A.8.10.7.3, A.11.3.1.1 to A.11.3.1.8 
A.16.2.1.3.2, A.16.2.4.2.1, A.16.2.4.2.4, A.16.2.4.2.5, Apartment building dwelling units ............ D.1.1.6.2, D.2.19.2.2 
A.17.2.1.1, A.17.2.1.3, A.17.2.1.8, C.14, C.15, C.22 Definition .......cccccccccccccccccccceucceccevececevesevevueecencs 3.6.4.8 
Carton records storage ............. ee 20.5.3(1) Existing systems, modifications or additions to ............. 11.3.1.4 
Ceiling sprinklers ...................5. 16.3.1.1, 17.2.1, A.16.3.1.1, Guest rooms OF Suites ... ccc cccccccccccccccccccce D.1.1.4.2, D.2.17.2.2 
A.17.2.1.1, A.17.2.1.3, A.17.2.1.8, C.21, C.22, C.23 Light hazard occupancies .........JJo. 8.3.3.1(2), 8.3.3.4 
Control mode specific application (CMSA) Marine systems 1.0.0... .06cccceceeeeeeeeeeeeeeeeeeeees 25.4.2, A.25.4.2 
sprinklers o...n 16.2.2.1, 16.3.2.1, 17.2.2.1 Obstructions to discharge ............J.. 8.10.5 to 8.10.7, 
Definition “ii in nenen inna vesee ied ce eee dee evesecdsar~ RRD A.8.10.6.2.1.3 to A.10.7.3 
Early suppression fast-response (ESFR) Residual hydrants (definition) ....................oo 3.8.2.1.5 
sprinklers .........seeeeeeees 16.2.3.1, 16.2.5.1.2, 16.3.3.1, Residual pressure ..................ooo. 11.2.2.6, A.11.2.2.6 
17.2.3.1, 17.3.3.1 Definition Look 3.8.1.9.1 
Flue SPACE osson ...16.1.11, 17.1.9.2, 17.1.10.1.1, 17.1.10.2 Response Time Index (RTI) .............o.oo... 3.6.1, A.3.6.1 
In-rack sprinkler location ........ 16.3.4.1.2, 17.3.1.2, 17.3.4.1.2, Restraint straps for tees, underground ............... 10.8.3.2, 10.8.3.4 
. 173414, A.16.3.4.1.2 : Retail stores, plastics storage/display in ................... 20.3, A.20.3 
Plastics display/storage, retail stores .............. 20.3.1 Retarding devices ..........oooooooocoocooocooooo 8.17.1.2 
Solid Back y»imeinitapanagenas 16.1.6, 17.1.5.1, 17.1.5.2, C.11 Reproaciteiny of aa He UAN NN 14 
Rack shelf area (definition) ..................... 3,9,3.7.6 Return benda... 8.15.18, 25.4. 
Rack storage .... 12.6.2, 12.6.3, Chap. 16, Annex C, see also Automotive Ridge pole sprinklers 7886.1 
components on portable racks Riser nipples (definition) ..............o 35.8 
Oat StOLAa ge) aa Hen Mena MN BNN BANNER BABA Table A.5.6 Risers 
Carton records Storage iiss. ccisessecctevssis ae eka 20.5.3 Building service chutes .....ooooooococoooo. 11.2.3.4.1 
Den ONS as 00 ON Nenen ae Ae Ana OUR nan 3.9.3 Combined inkl d stando: alee 
: : Sombined sprinkler and standpipe, control valves 
High-expansion foam systems a...se errre 16.1.5, 16.3.5.1 for 8.17.5.2.2(3) 
Miscellaneous Storage: vise. ccccedicecuevesdecdeveies banana 13.3 NAN eke aa ee e es ee ee 859 
Hai ne Rn Tendangan ia ahas paman gen bana Maa ran Dane An oa on an na angan 8.16.2.4.7 
Retail PERE any ANA ANN 90 3 A 20 3 Earthquake damage, protection from ....... 9.3.2.3 (1), 9.3.2.3 (6), 
Ea Sar 3 ee 9.3.5.5, A.9.3.2.3(1), A.9.3.5.5.1 
Protection criteria-general .... 16.1, A.16.1.2 to A.16.1.9, C.9 to C.13 nan 6 3 
Refrigerated spaces iis. ciccvepercds satin sccesssas 7.9.2.8.3, 7.9.2.8.4 Hose Cone URNS Taga 8.17.5.1.3(3), 8.17.5.2.1, 8.17.5.2.2(3) 
Sprinkl ipne installed i 9912 Outside refrigerated spaces .... 7.9.2.5, 7.9.2.6, A.7.9.2.5, A.7.9.2.6 
prinkler piping installed in ...........a i = 
Steel columns, fire protection Of... 16.1.4, C.10 Protection of NI Ba Ceri: Heed 8.16.4.1.3, 8.16.5, 10.6.4, 10.6.5 
Storage over 25 ft in height ses... 17.1.10, 17.3, Quick-opening device connections ......o. 724.3, 1244 
A.17.3.1.1 toA.17.3.4.2.3, C.9 SITE Ae nenen siege RON RR 22.5.1.4, A.22.5.1.4 
Flue space ........M. WAE... 16.1.11 SUPPO OF anirai mn iinns 9.2.5, A.9.2.5.3, A.9.2.5,4.2 
High-expansion foam systems ..........k 16.3.5.1 Sway bracing “cocoa 9.3.5.5, A.9.3.5.5.1 
Plastics storage ................ 17.3, A.17.3.1.1 to A.17.3.4.2.3 System ... 7.9.2.6, 8.2.1, Fig. A.3.5,A.7.9.2.6 
Specialgdesion: foNe A ion E EEE E lake 16.3.5 Definition ........iisnnnrnerennnrnenrnerenenneersrer 3.5.12 
Storage up to and including 25 ft in height ...... 16.2, 17.1.9, 17.2, Drain CONNECHONS enda Ni en 
A.16.2.1.3.1 to A.16.2.5.1.1,A.17.2.1.1 to A.17.2.5.1.1, Fire department connections 
A.17.2.1.8, C.8, C.9, C.13, C.14 to C.20, C.19, C.20, C.22 Al mean Swa 
Flue space Lee ee ee ee ee ee e nenen nenen aan 16.1.10, C.11, C.13 Storage, reguirements LOR. Leimena ceesvasangindeess EE 12.8.3 
Plastics storage .................... 17.2, A.17.2.1.1 toA.17.2.5.1.1, System subdivision .......o.coceeeeeeeteeeea 
A.17.2.1.8, C.19, C.20, 6.22 Rivers, water supply connections from .... 3.2. 
7 Ea NN Table 18.4(a) to (d), 18.5 ROG ie taon temen ka kanan 9.1.2, 9.3.5.3.9, 9.3.6.5, A.9.1.2.3(1) 
Rack storage sprinklers ...... 8.5.5.3.3, 8.6.5.3.5, 8.8.5.3.4, 8.12.5.3.3, Coach Screw .....seeeeeeeeeeeeeeeeeeeteeeee settee eeeeeeeeeeees 9.1.5.7 
8.13.3.1, A.8.5.5.3.3, C.3; see also In-rack sprinklers EYE aan 9.1.2.5 
Definition aa aa sana 3.6.3.4 Threaded sections Of iii amin nisan vas emane e tris una 9.1.2.6 
Discharge criteria ............o.oooooe kanan Table 13.2.1 Underground ..... 10.8.3.1.2, 10.8.3.3.3, 10.8.3.4, 10.8.3.5, A.10.8.3.5 
Hose CONNECtIONS |... 8.17.5.1.3(5) Roll paper storage ........... 12.6.2, 12.6.3, Chap. 19, Table A.5.6.3.3, 
Temperature ratin 8.3.2.7, A.8.3.2.7 Table A.5.6.3.4 
Rated Kapas Menata PN DA EEE EOE ANN PAP Aa (223 Commodity classifications ............. 5.6.5, A.5.6.5 
Recessed sprinklers (definition) .................o. 3.6.2.4 Definitions seriinin eheann 35 
Reconditioned system components and hardware ................ 6.1.2 Discharge criteria 13.2.1(4), Table 13.2.1 
Records Height (definition) .....9:60cccesaes semana tenan asa 39517, A:319.5:7 
Carton records storage ..................... 20.5, A.20.5.6.3.5, C.25 Horizontal 4. etnis agak Mein nade E EEEE 19.1.1.5 
PEG Leone enakan eds LARL DENMIHOM senen uk amen bane ae bias shad a a Ov au 
High-bay records storage 20.7, A.20.7.1 Hose stream demand and water supply duration .......... 19.111; 
Medical records storage 8.15.9, A.8.15.9 19.1.1.2 
Pipe welding serana e anne a so O EE 6.5.2.6 Protection criteria shied sical aka an ananda 19.1.2 A.19.1.2 
Reducersi nasa nana ea 6.4.6 Temperature rating of sprinklers .................. 8.3.2.7, A.8.3.2.7 
Referencës ei: cssicicouiasceserieaecciQaaas cadens sae Chap. 2, Annex F Vertical (Gefinition): boa cede senen chases laka 3.9.5.6.2 
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13-410 INSTALLATION OF SPRINKLER SYSTEMS 
Wrapped snare nee ana anus enam 19.1.1.6, 19.1.1.7 Signs, Caution’ 4. 200 nesenss anon aa anna see also Identification 
Definition ee rewena seiietG diecast an 319151613, A13.9.5-0.3 Sprinklers: aon semi swswieepastonddes Mena laga ade aa 771.5 
Roof re make MAN toot deat saignsay see also Concealed spaces ValVES sekian sean OO Gasa adan 7.7.1.5 
COMMON. pesek memanas serena amen nga Ya 8.2.4 Sunting as ee A ek ee eee Cal nen ees Il 
BER were rea E nana Mana bukaan 7.8.8.6, 8.15.7, A.8.15.7 Skylights 0190 cucondarnacestanodncnandeahaenaneled cdnensabnedonsrtatent 8.5.7 
Height (definition) asosiasi cenese danas nana 291.23 Slatted OOiS irese ni oeer daan aman hana 22.5.1.5 
Peak, sprinklers at or near .............J.o. 8.6.4.1.3, 8.8.4.1.3, Slatted racks ........ 16.2.5.1, 17.2.5.1, A.16.2.5.1.1, A.17.2.5.1.1, C.20 
A.8.6.4.1.3.2, A.8.6.4.1.3.3, A.8.8.4.1.3 Definition Lean Been ea en e AS 
Uninsulated, sprinklers under ...............ooooh 8.3.2.5(5) Plastics display/storage, retail stores .............. 20.3.1 
WEDS) ee mna onan 12.1.1, A.12.1.1.1, A.12.1.1.3, C.6 Slave pallets 16.2.1.3.4.7 
Room design method ......................45 see Design, sprinkler system Definition sa 391.24 
Rooming houses ........ ii... D.1.1.3, D.2.16 Sloped ceiling ............oooooooocococooooooWoWo reee see Ceilings 
Rooms, small 8.6.3.2.4, A.8.6.3.2.4 Small rooms EE 8.6.3.2.4, A.8.6.3.2.4 
Rubber Smooth ceilings: sic. iano cescsavecvedsrpecdsawaetedesdanses see Ceilings 
Classification of vines ee 5.6.4, A.5.6.4, Table A.5.6.4.1 Soffits ............2600.. ... 8.7.4.1.3, 8.9.4.1.3, 8.10.7.1.5, A.8.7.4.1.3, 
Palletized, solid pile, bin box, or shelf storage .......... = Chap. 15 Fig. A.8.7.4.1.3.2, Fig. A.8.7.4.1.3.3, A.8.9.4.1.3.1, 
ANNES entotan mangsa mnta Atay semanas see Tires, rubber Fig. A.8.9.4.1.3.1, Fig. A.8.9.4.1.3.2, A.8.10.7.1.5 
Soldeéred jomis «5. 40200e anon naniesienia 6.5.4, A.6.5.4 
-S- Solid-piled storage 20010 3.9.2.6.1 
Scope of standard .................oooooco.Wooooo 1.1, A.1.1 DE Onani ea orn E r E BTN Era a e A, 
Screws Ma 9.1.5.1, 9.1.5.3, 9.2.5.2 Early suppression fast-response (ESFR) sprinklers ............. 14.4 
Sectional valves ...........oooooooooooiiiyiyyy.l 8.16.1.5, 8.16.2.4.3 Plastic and rubber commodities ............JJ. Chap. 15 
Seismic damage, pipe protection PROT ena emban 9.1.1.3, 9.3, Protection of Class I to IV commodities .............J.... Chap. 14 
A.9.3.1 to A.9.3.6.6, Annex E Special design fOr 4 abang desa ss asam baka 14.5 
Seismic separation assembly ................J.i. 9.3.3, A.9.3.3 Solid shelf racks 4 2. musnah benua 16.1.6, 17.1.5, C.11 
Semi-mill construction (definition) ........... JJ... A.3.7.1 DERN ON Anin san erat Steed sewed Natan aan cage 329 
Shafts, vertical ................JJ..akakhk..see Vertical shafts Solid shelving 16.1.6, 17.1.5, C.11 
Shall (definition): onani sono naga bean aer 24 Definito 21 ehi penekanan kera 39383937 
Shelf storage ............JJ.. see also Slatted racks, Solid shelving Early suppression fast response (ESFR) sprinklers ........ 16.2.3.2, 
Back-to-back shelf storage ...............J.k 15.2.2(3) 16.3.3.2, 17.2.3.1.1, 17.3.3.1.1 
DENDO Leena het anne ae kamen ham aan anakan 392 On High bay records Storage... ooo.Wo.o.mo.WooooiWebaneh 20.7.3 
Denil oni siaiss wines cavvescoavinas stoere dozer y ste 301216,/A319:216 Plastics display/storage, retail stores .............. 20.3.1, 20.3.4(5), 
Discharge criteria Table 13.2.1 20.3.5(4), 20.3.5(5), 20.3.6 
Pallets, idle 4... 12.12.3 Solid unit load of nonexpanded plastic ..................... Fig. 15.2.2 
Plastic and rubber commodities ........ eee Chap. 15 Definition |... asa 3.9.2.8 
Protection of Class I to IV commodities .................... Chap. 14 Solvent extraction plants, protection of .................. 21.5, A.21.5.1 
Rack storage .......... 16.2.5.1, A.16.2.5.1.1, C.20 Soundstages ..............oooooo 21.19, A.21.19.4, A.21.19.5 
Special design for ...........oooocoWoWoWoWonnnanaaaaaaaaaan 14.5 Spaces “ida ANA an see Concealed spaces 
Sprinkler system design approach, shelves above 12 ft ....... 14.2.4 Spare detection devices, stock Of ....................JJ....io.. 25.3.2 
Shields — | Spare sprinklers, stock of ........ 6.2.9, 25.2.3, A.6.2.9.1 to A.6.2.9.7.1 
Electrical equipment protection ».....oooooooeenenentatatn 8.15.10.2 Special occupancy hazards ......................... 8.4.4.1, 11.2.1.3(4) 
Sprinkler ...........6cseeeseeeeeeeeeseeeeseeens 8.13.3.1, 8.13.3.2, C.3 Special occupancy requirements .......................00eee ee Chap. 21 
shop welded Special situations |... 8.15, A.8.15.1.2 to A.8.15.22.3 
PSI IR eno ga Ode peak 3.3.16 Concealed Spaces? erriei ves cand Wr saku vane Diatas 8.15.1, A.8.15.1.2 
Nan no muna rea nian EA 6.5.2.2.1 Drop-out ceilings .........o........ 8.15.14, A.8.15.45, A.8.15.144 
Should (definition) ................ooee 312.5 Dry pipe underground 8.15.20 
Show windows, sprinklers under oe ai 83256) Daa ON as 
Sidewallgprigkigs R Sa BGR ESE eee Dwelling Unit... 8.15.8, A.8.15.8.1.1, A.8.15.8.2 
Clearatite EO ae Yi eg Gen aS a ey SOAS LG Electrical :equipment asrama aksen kuah 8.15.10 
Baki NP Taman Mg. TARAS) PARA Gator roa among noone B15781857 
Deflector position ............... 8.7.4, 8.9.4, 8.10.4.2, A.8.7.4.1.3.2, Ground floors/exterior docks/platforms, spaces under SENT, 8.15.6 
Fig. A.8.7.4.1.3.2, A.8.7.4.1.3.3, Fig. A.8.7.4.1.3.3, Library stack arcas occ duisis ekcasawesicendneddeavesees 8.15.9, A.8.15.9 
A.8.9.4.1.3.1, Fig. A.8.9.4.1.3.1, Fig. A.8.9.4.1.3.2, Medical records ......ooWoWo.oooooo 8.15.9, A.8.15.9 
A8.9.4.1.4 Old-style sprinklers ................. 8.15.13(1), 8.15.15, A.8.15.15.2 
Dry Pipe systems banana basa anne bean ana 7.2.2(3) to 7.2.2(5) Open-grid ceilings MENARA EREA On NA teat 8.15.13, A.8.15.13 
Elevator hoistways .......... 8.15.5.1, 8.15.5.4, A.8.15.5.1, A.8.15.5.4 Piping to sprinklers below ceilings ............. 8.15.19, A.8.15.19.2, 
Extended COvEragE ses oese en dana samaan annan ox ces 8.9, A.8.9 A8.15.19.5.2 
Hanger assembly for ...........0eceeeeeeeeeenee teens 9.2.3.6, A.9.2.3.6 Return bends ........cseeeeeesereeeeeeteeeeeeeeeeeerereetereeees 
Light hazardoccupancies. sirier eyano be a EEE sates 8.4.2 Spaces above ceilings ............... 
Obstructions to discharge .... 8.7.5, 8.9.5, 8.10.7, Stages 6... seeee eee e eee eee e cette aa 
A.8.7.5.2.1.3 to A.8.7.5.3, A.8.9.5.2.1.3 to A.8.9.5.3, Stall LOWES As se5ax kene iisr eared seb ace AAA NAN Re DAR Na 
A.8.10.7.1.5 toA.8.10.7.3 DLAILWAYS: ai apan an deca daowadewads 8.15.3, 8.15.4, A.8.15.3.3, A.8.15.4 
Outside sprinklers wav anne nenen naek NN ena 7.8.8.6 System subdivision ........o ea 8.15.21, A.8.15.21 
Plastic pallets, protection Of... 12.12.2.2(1) (e) Vertical Shatts) ic 00x. es seseeeaass 8.15.2, 8.15.4, A.8.15.2.2, A.8.15.4 
Preaction systems ................ 7.3.2.5(3) to 7.3.2.5(5) Special sprinklers ....................... 6.2.4.2, 8.4.8, 8.5.6.3, A.8.4.8.1 
Protection ATEAS aneen nton e En AE ee eres 8.7.2, 8.9.2, A.8.9.2.1 DEMDIUON paer ee EAE E E EERE DE 3.6.4.9 
PATIN ainis iino E ONT ERR 8.7.3, 8.9.3 Special structures ................o ok D.1.1.2, D.2.2 
Steel columns, fire protection of ........... 16.1.4.1(1), 17.1.4.1(1) Spray application areas, protection of .................... 6.2.6.4, 21.4, 
Wire Storage: Mein sn int Tatanan nee es VAINE NE 18.2.1 A.6.2.6.4.2, A.21.4.1.1, A.21.4.2.1 
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INDEX 13—411 
Spray nozzles Nonfire protection connections to ..........J. TA, ATA, 
Cooking equipment protection ........ 7.10, A.7.10.2, Fig. A.7.10.2 Working plans ...............645 22.1.5, A.22.1.5, Fig. A.22.1.5(a), 
Electric generating plants and high-voltage direct current Fig. A.22.1.5(b) 
converter SALONS: ni henna en ba en bana A.21.29.1 Partial Systems enioniowenanswan enam enakk aman 25.1.5, A.25.1.5 
Stationary combustion engines and gas turbines Performance criteria ana cee bina meme nana B EN Rea B.2 
PPOLE CHO: ie MERASA an Ata vers une ONA 21.6.2.3 Protection; levelGf wwe cco. dewan ssevsaen el unesasmavenes aan 41 
Spray sprinklers ........... 11.2.3.2.4(1), 12.6.2, 12.6.3, 16.2.5.1.2(1), Requirements: asasena Errr ded nusa Nuunka daan Chap. 7 
17.2.5.1.2(1), 20.6.3 SIZE OF 2 nee nenen ano AE An E 7.2.3, 7.3.2.2, 8.13.1, A.7.2.3 
Denion ses. se schavws seen an nan Sandie ng aman 30410 Subdivisions insan dan anne enam keman 8.15.21, A.8.15.21 
Roof protection USE: 2 cise top E N an Maen Len Ka BN 7.8.8.6 Working pressure ... 
SPIE aioe EE E E O ANEO SI 9.2.3.5.1, 9.2.3.7 Si E jek ag San an sors 
Definition sb ON be Run an anne Ol ND elo an nan Ma rena nee ana at 3.11.7 
RESET AINE OF 5... ssid aini anccasnaae anne ne eaae 9.3.6.6, A.9.3.6.6 Stable piles ...........00..00ccccceeeeeeeeee scenes Fig. 15.2.2, Fig. 17.1.2.1 
Sprinkler alarms 8.17.1, A.8.17.1, C.4; see also Waterflow Definition |... 3.9.2.4, A.3.9.2.4 
alarms/detection devices Stages (theatrical) ..............ooooooooococooooo 8.15.16 
Sprinklers ......... see also Control mode specific application (CMSA) Stairways .... 8.10.6.3.2, 8.10.7.3.2, 8.15.3, 8.15.4, A.8.15.3.3, A.8.15.4 
sprinklers; Dry sprinklers; Early suppression Marine systems .......... 25.4.5.9 
fast-response (ESFR) sprinklers; In-rack sprinklers; Stair towers ............ 8.15.17, 22.5.1.6 
Old-style/conventional sprinklers; Outside sprinklers; Type 1 (definition) ........ 310.13, 25.1.3(12) 
Pendent sprinklers; Residential sprinklers; Sidewall Standard (definition) .............cccccceeccceeceececeeeeeceeeueeeaes 3.2.6 
sprinklers; Temperature ratings of sprinklers; Upright Standard mill construction (definition) ......................... A.3.7.2 
sprinklers; Specific application control mode sprinkler Standard spray sprinklers ......... 8.6, 8.7, A.8.6.2.2.1 to A.8.6.7.2(4), 
0. (storage use) A8.7.4.1.3.2 to A.8.7.6 
Application of types .........:2:-01 sess eeeeeee eee tteenes 8.4, A.8.4 Definition .....ccccccccccccescccseeeeeeccecessesecvveeeecees 3:.6.4.10.1 
8.3,A.8.3.1.1 to A8.3.3.1 8.3 Standby emergency generators ................. 0.00 ceeeee eee es 21.30.1.7 
Characteristics, general ........ JJ. 3.61, A.3.6. Standpipe systems .................. 8.17.5.2.2, 21.30.2.1, A.8.17.5.2.2, 
Clearance TO SLOTATE cus den ena oe ditiis eidio eae! see Clearance Fig. A.8.17.5.2.2(a), Fig. A.8.17.5.2.2(b), A.21.30.2.1.2 
Cornice DG E EOE aa ata aan nak 7.8.8.5 Static pressure (definition) ..............J 38192 
Corrosion-resistant ................: see Corrosion-resistant sprinklers Stationary combustion engines and gas turbines ........ 91.6, A.21.6.1 
Definitions E Havana en omah Mamanya men ana Stationary containers, cylinders, and tanks, compressed gas and 
Discharge characteristics ...........J.. 6.2.3, Table A.6.2.3.1 ervosenic fluids in 91.19 
PAN ed Manna mina angan Sana aa 16.1.11.2.1, 17.1.10.2.1 Ši Do o a jaan 
Det or al tapias a asn san MA Lan ai 
Hydraulic calculations ............. 22.4.4.6, A.22.4.4.6 Building, control mode Po P TA 7 
Identification... 6.2.2, 6.2.3.1, A.6.2.2, A.6.2.3.1 PR ey ena 
Beo i i , COMMS: 02 sriewcnes ere verssvacnce 16.1.4, 17.1.4, 18.2, A.17.1.4, C.10 
TN LANOTIS Late nenas ane ena benno AAA Nan adan Takan 6.2.4 Fittines 6.5.1.2, A.6.5.1.2 
Location .......... 8.1.1, 8.5 to 8.12, A.8.1.1, A.8.5.4.1 toA.8.12.5.2 Se ena an anak Qa haa 
New sprinkler requirement .............00cccce eee enina snenia 6.2.1 Hangit PAET EE sn ea E ILAAN AT 
P q High bay records storage, shelves for ............ 20.7.3 
Ope aa ae E an AE E A 8.4.4 182 Day 5e, Se V 
Outside oaasis 7.8, A.7.8.4.2.1, A.7.8.4.2.3 Pp eta E ca Oe OOS 8 NINES TAN 
na” 6.2.6.2, 6.2.6.4.4, A.6.2.6.2 ng ae agian 
ne Apn k ; BM ie e S 8.4.7.2, A.8.4.7.2 
Piping to, below ceilings ......... 8.15.19, A.8.15.19.2, A.8.15.19.5.2 Und d Table 1011 10.12 101 3 10162 
Positioning ........ 8.1.1, 8.5 to 8.12, A.8.1.1, A.8.5.4.1 to A.8.12.5.2 Rer i Men Papa Mn Oa a ieee ea 
Protection area per sprinkler ........ 8.5.2, 8.6.2, 8.7.2, 8.8.2, 8.9.2, etail shelving racks, plastics display/storage aioe a aa 20.3. 
8.11.2, 8.12.2, A.8.6.2.2.1, A.8.8.2.1, A.8.8.2.2.1, Storage ........ > 8.2.1 (4), 8.2.3; see also Baled cotton; Bin box storage; 
A.8.9.2.1, A.8.11.2, A.8.12.2.2.3 High-piled storage; Miscellaneous storage; Palletized 
Protective caps and straps, removal of .......... 8.3.1.5, A.8.3.1.5.1, storage; Plastics storage; Rack storage; Roll paper 
A83.1.5.2 storage; Shelf storage; Solid-piled storage; Tires 
RECONGTUGHEM c.cc.a3ncmres tEn EEEE EEEE SEDEER EEEN 6.1.2.2 Building height ..... Sina aa ata 12.1.3 
Spacing dau... 8.1.1, 8.5.3, 8.6.3, 8.7.3, 8.8.3, 8.9.3, 8.10.3, Cellulose nitrate motion picture FULT sa. c ecicccaaenceies 21.7, A.21.7.2.3 
8.11.3, 8.12.3, A.8.1.1, A.8.6.3.2.3, A.8.6.3.2.4, A.8.11.3.1, Clearance WO), nata ana NN ae RN en ne aces see Clearance 
Fig. A.8.12.2.2.3, A.8.12.3.1(3) Definition: 44 cassie Kena banana cooetee’s 3.9, A.3.9.1 to A.3.9.6.2 
Spare, stock Of $$. 6.2.9, 25.2.3, A.6.2.9.1 to A.6.2.9.7.1 Draft curtains, use of .............. 12.1.1, A.12.1.1.1, A.12.1.1.3, C.6 
Temperature ratings .................... 8.3.2, A.8.3.2.1 to A.8.3.2.7 Excessive clearances .....oooWocoe ee 12.134 
Thermal sensitivity «oo see Thermal sensitivity General requirements .........ooooceeeeeeete tenan Chap. 12 
TSE SNN E O E E 8.5, A.8.5.4.1 to A.8.5.6.1 Idle pallets: “acid erna es tan ian usa sn een see Pallets 
Sprinkler systems ...........: see also Antifreeze systems; Combined dry Library stack areas ...........seeeeeeeeeeteeeeeeeeeeees 8.15.9, A.8.15.9 
pipe-preaction sprinkler systems; Deluge sprinkler Medical records: «icesea. sengatan akan 8.15.9, A.8.15.9 
systems; Dry pipe sprinkler systems; Hydraulically Roof vents, use Of ................. 12.1.1, A.12.1.1.1, A.12.1.1.3, C.6 
designed systems; Marine systems; Pipe schedule Special designs ......oooooooooooniaaaaaaan Chap.20 
systems; Preaction sprinkler systems; System protection Temperature rating of sprinklers .................. 8.3.2.7, 8.4.7.3.3, 
area; Valves; Wet pipe sprinkler systems 8.4.7.3.4, A.8.3.2.7 
Acceptance Na Ne Pn NN an Senen aa Ave. Bantan anc Chap. 24 Storage aids (definition) Naa Nae man Aan MN San Dao Ou 25 
Components and hardware ... Chap. 6, 25.2, A.25.2.1 to A.25.2.7.7 Strainers ... 7.8.6, 7.10.10, 8.3.4.1(3), 8.15.12.4, 8.17.1.5.1, 8.17.1.5.2 
Protection for ..............3 see Protection for system components Summary sheet, hydraulic calculations ................. 22.3.2, A.22.3.2 
Reconditioned components ..................e ce eeeee ence eens 6.1.2 Supervision 
Definition oven ae sauna 201 A33. 18 Alarm service ee naa en una 11225 
DESIGN senen nsp ana ana Manek aa nan teed see Design, sprinkler system Definition eni tenan anna nanda OoL O11, 25.1310) 
Future upgrading of performance ..........J B.2:1.5 Delüge Systems oh sauces Ketan AAEE Anna En hares eka 7.3.3.1 
Installation aiee a e e aE E E EE EAS Chap. 8 High-rise buildings ....... oa D.1.1.2.1, D.2.2.1.1 
Bimtek area ea aan ORA RN EN an an Sego 4.2 Marine systern piping i. esis bee BAN EA BE KE 25.3.3 
Maintenance ion eeenowa man iman daa seakan anna 25.9, Chap. 2 PYEACHON! systems neresini nnan n seas ada 7.3.2.4, 25.3.3, A.7.3.2.4 
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13-412 INSTALLATION OF SPRINKLER SYSTEMS 
Supervisory devices ..................000cceeee eee 8.16.1.1.2, A.8.16.1.1.2 Thermal barriers 
Definition his. ccs ton tank anak an aan Sesama nana Os Del L DEH OM» entar ame an an Nenen ee Mena inun enda oa vie DOO 
Survival angle (definition) siirsi ternas SAOL 20113411) Marine 
Sway braces: asees enen a 9.3.5, A.9.3.5, Annex E Definition ........0.0.6s0808eneceeaes 310.9, 25.1.3(9), A.25,1.3(9) 
Defi OF recessies evdsenreiedersamestescceaas aos LLB Residential board and care occupancies ...... D.1.1.8.2, D.2.22.2.2 
System protection area ....................' see also Density/area method Thermal sensitivity ........... 3.6.1, 8.3.3, 8.4.8.1(4), A.8.3.3.1; see also 
Geometry of area of application ................o. B.2.1.3 Temperature ratings of sprinklers 
Leveliof protection L..o.ioo. o.o.oomo.o.Woo oo midea yana 41 DeftiitiOn: ig... codes esi semena Kanaan eii unbk A.3.6.1 
Ia Na Na Na an NAN AN AA 8.2, A.8.2.5 Threaded pipe and fittings ............ 6.5.1, 10.3.1, 10.8.1.2, A.6.5.1.2 
Maximum protection area of coverage .............. 8.5.2.2, 8.6.2.2, Thrust blocks ........... 0.0. e esse eee eee nent eee eee ees 10.8.2, A.10.8.2 
8.7.2.2, 8.8.2.2, 8.9.2.2, 8.11.2.2, 8.12.2.2, A.8.6.2.2.1, Time limitation, combined dry pipe-preaction systems ........... 7.4.5 
A.8.8.2.2.1, A.8.12.2.2.3 Tires, rubber 
Protection area per sprinkler ............... 8.5.2, 8.6.2, 8.7.2, 8.8.2, Banded! (definition): «0.60... ende enno oma aiae 3.9.4.1 
8.9.2, 8.11.2, 8.12.2, A.8.6.2.2.1, A.8.8.2.1, A.8.8.2.2.1, Definition “.....oo.Wo0oooo matan BIA 
A.8.9.2.1, A.8.11.2, A.8.12.2.2.3 Electric generating plants and high-voltage direct current 
Selection of area of application .............Jk B.2:1.2 converter stations, as fuel for ................... A.21.29.1 
System risers ..............scececeee sees eseeseeeneseeeeeencne SEE Risers SLOTAE “....W0000eekeeee tee 12.6.2, 12.6.3, Chap. 18 
System working pressure .................ooooococoooo 6.1.3 Ceiling System. Wei accra 201 Sure nan nana ser nacesaves 18.4, A.18.4 
Definition Wa 33.19 Definitions Mainan inna 3.9.4 
Underground pipe ............. 10.1.5, 10.2.3, 10.10.2.2.1, A.10.1.5, Discharge criteria ...........oooo 13.2.1 (3), Table 13.2.1 
A.10.10.2.2.1 In-rack SYSLEMS .sesssreseesrsssresressessersresrrerresses 18.2.3, 18.5 
Miscellaneous: osc iecesersencsneseseses see Miscellaneous storage 
Rack illustrations ............occo—coooo.. 394.9, A.3.9.4.9 
-T Sprinklers, clearance for ......oo.o..o..oooooooooo.. 8.5.6.5 
Tanks sreci t ira e iei see also Gravity tanks; Pressure tanks Temperature rating of sprinklers ............... 8.3.2.7, A.8.3.2.7 
Compressed gases and cryogenic fluids ..................060005 21.12 Tissue paper ....................... 5.6.5.4, 19.1.1.7, 19.1.2.1.2, A.5.6.5, 
Hose demand and coco. ocooocoor 12.8.1, A.12.8.1 Table A.5.6.5, A.19.1 
Technology, Dew M0. ses teater en Tenan ek Bb anna Towers 
Telecommunications facilities SLANT aks enek an se Ben aditinnaan AANG NA ON KURUS 8.15.17, 22.5.1.6 
Television studio soundstages and production facilities Watercooling 2 ...c.cisiseccstesinesnnde tena on See Water-cooling towers 
A.21.19.4, A.21.19.5 Transit systems, fixed guideway ........... Jk 21.19 
Temperature characteristics ...............J...oi. 6.2.5, A.6.2.5 Transverse flue spaces ................. 16.1.10.2, 16.1.11.1, 16.2.4.2.2, 
Temperature ratings of sprinklers ..... 8.3.2, A.8.3.2.1 to A.8.3.2.7; see 17.1.7.4, 17.1.9.2, 17.1.10.1.1, 17.1.10.2.2, A.16.2.4.2.3, 
also High temperature-rated sprinklers; Intermediate A.17.1.7.4, C.11, C.13 
temperature-rated sprinklers; Ordinary Carton records storage ............JJ..... 20.5.2, 20.5.6.3.4, 20.5.6.4 
DeD IION, kaan AN Ren NA An PMP KUR On 5.9.3.9 


temperature-rated sprinklers 


Control mode specific application (CMSA) sprinklers ...... 8.4.7.3 

Early suppression fast-response (ESFR) sprinklers ........... 8.4.6.5 

Tn-rack:sprinklers: \ scscssschadessag. EnS sae cenoiiee eu 8.13.2.2 

Marine Systems: ia scssnumncossaeuagans ke nathan sn akad 25.4.1 

Special sprinklers sicasdiars canada ss tenan susan ve 8.4.8.2(2) 
Terminals 

Airport 21.25, A.21.25.1.2, A.21.25.1.3 


Manne Wina rcs eie tee sn naga MMR, Ae 21.22 
Test blanks .........oocooo Aeree ree eene 24.2.1.14, A.24.2.1.14 
Test connections .............. 7.2.3.7, 74.6, 7.10.11, 8.17.4, A.7.2.3.7, 

Fig. A.8.17.4.1, A.8.17.4.1 to A.8.17.4.6.1 

Deluge systeNSW,........ MMI cece oom 8.17.4.5 

Dry pipe systems ................. 8.17.4.3, A.8.17.4.3, Fig. A.8.17.4.3 

Main drain ........... 8.16.2.4.6, 8.17.4.1, A.8.17.4.1, Fig. A.8.17.4.1 

Mirine MOLES ir enda sivas derinse diee En orri tiei esii 25.4.13 

liis Poraa E o E EEA T E 8.17.4.4 

WOPIPOSYStEMS 2... cscs cere eee et es ensien 8.17.4.2, A.8.17.4.2 
PRESSE 5s caeradsstaeenses vanencecsanersaasaseensess 8.1.2, Chap. 26, A.8.1.2 

Apparattis/Aevices FOF csencrare riivi eenn tenian E E En 7.3.1.7 

Combined dry pipe-preaction systems ........... 7.4.6 

Del Se Sy¥StOMs Anang ea ene RN PO SAN sen Fost 

Dry pipe and double-interlocked system air ................... 24.2.2 

Ducts, sprinklers ið sssri sss vaccines awan umah ase 8.15.12.3 

FLOW serunnna oren anna nanas en n RE a dala susan 25.8.3.1 

Definito. sicsraicsdaraaieseussans ordesv ian nana setan DO Lal 
Elushing' roge tire on as ETETE 10.10.2.1, A.10.10.2.1 
Definitidin si scigusdncsso ue asa temene ai a e e n R2 
Elydrostati@: saurai vonn raD T A A 24.2.1, 25.8.1, A.24.2.1 
Defniton akses nun sm anang 210.143 

Main drain valve L..ooooooooooooooooooooooooooic 24.2.3.4, A.24.2.3.4.2 

Marine syslemS 0111 Annas un unta Dana kaka ina dua An 25.8, 25.9 

Preaction SYSTEMS: vas asa Hanoman aan kenang anne tee a boleh 

System operational ...... eee 24.2.3, 25.8.3, A.24.2.3.2 

Water disposalsafter’ sn irronneen ba Bakau Ban 24.2.1.13 
Test valves ..........ooooocoooooooo 6.7.3, 25.2.6.2, 25.7.3.11 
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Early suppression fast-response (ESFR) sprinklers ... 16.2.5.1.2(5), 
16.3.3.5, 17.2.5.1.2(5), 17.3.3.4.2 


High bay records storage .............J.an 20.7.3 

Plastics display/storage, retail stores ..................0055 20.3.1(11) 
Trapeze hangers .................... 9.1.1.6, 9.2.1.3.2, 9.2.4.5, A.9.1.1.6 
Tripping devices, combined systems .................... 7.4.3.3, 7.4.3.4 
Trusses 

Combustible concealed spaces ..............J...... 8.6.4.1.4, 11.3.4 

OPEN Medan oran ginga i nai i 8.12.5.1.1, 8.12.5.3.2 

Wood truss construction (definition) ........ eee A.3.7.2 
Tube syocciss saan cacser veneer ee ana bangunan enam see Pipes and piping 


Turbine-generators ... 21.27.1.5 to 21.27.1.7, A.21.27.1.5, A.21.27.1.6 
Turbines 


Standby. combustion: ja. 153. 055seera vena aah 21.27.1.7 
Stationary gas, installation and use of ................. 21.6, A.21.6.1 
Type 1 stair (definition) ............................. 3.10.13, 25.1.3(12) 
U- 
U-hooks .... 9.1.2.4, 9.1.5.2, 9.3.5.3.10, 9.3.6.1 (2), 25.2.5.4, A.25.2.5.4 
Underground pipe ................. 8.16.2.6.3, Chap. 10, 23.1.4, 23.1.6, 
Fig. A.3.5, A.23.1.6.2 
Backfilling 3.66. .c00cees serene 10.9, 10.10.2.6, 10.10.2.7, A.10.10.2.6 
Buried fittings sess. cccnisn. vena cesses’ 10.2.5, A.10.2.5 
Care am laying won mtenenann NE E EN E A 10.7 
Contractor’s material and test certificate .... 10.10.1(3), Fig. 10.10.1 
Govers.depthOf siam cara E EEE AGa EEE 10.4, A.10.4.1 
Ye INN NN DN Pa EE eset NA ENS 8.15.20 
Fire department connections ....... 8.17.2.4.4, 10.1.3, A.8.17.2.4.4 
PLU 8S ois ws sarnradiesa en binaan soe naa Oa an niet eaaaeaansaated see Fittings 
JODS cicadas Ken dna en banana kmu aan eens see Joints 
Liping of 10an oo eraci an einai 10.1.6, A.10.1.6 
Listed pysngenoss 10.1.1, A.10.1.1 
TSO AN an NN A a E E A.10.1 
Physical damage, protection against ............ 10.5, 10.6, A.10.5.1, 


A.10.6.7, A.10.6.8 
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INDEX 13-413 
Steel: yesir nana en annnaan Table 10.1.1, 10.1.2, 10.1.3 HOSE wis bennnnga nan NN NN 6.7.3, 25.2.6.2, 25.7.3.11 
Testing and acceptance ............ 10.10, A.10.10.2.1 to A.10.102.6 Underground piping 10.7.1, 10.7.3 to 10.7.5, 10.7.11 
Typeand Classi. icv iy. akts verawehuinwntalgeitea rand succes 10.1.4, A.10.1.4 Wafertype manek elit ads Dung ana kan pu kuantan 6.7.2 
Working Pressure 44.002 i ycusdusea anita ai 10.1.5, 10.2.3, A.10.1.5 Vaults 
UMOS 2 cb de oaa oduyiien bode pramentdadleccaate ved oa sala 6.4.5, A.6.4.5 Filim Storage s..iccccssernenea se cisnes 21.7.2.3, 21.7.2.4, A.21.7.2.3 
Unit loads Velocity pressure formula ......... Joo 22.4.2.2 
DENIHO: Lena Seaeewaateteeataa Shales aneiaaeeege a a aa D ul 26 Ventilation, cooking areas ................ 7.10, 8.3.2.5(7), Fig. A.7.10.2 
Solid unit load of nonexpanded plastic ............... Fig. 15.2.22.1 Vents TOOE. serens da tetang 12.1.1,A.12.1.1.1, A.12.1.1.3, C.6 
Definito NERIMA NN EN 3.9.2.8 Vertical obstructions to sprinklers ....... 8.6.5.2.2, 8.7.5.2.2, 8.8.5.2.2, 
Units of measurement 8.9.5.2.2, 8.10.6.2.2, 8.10.7.2.2, A.8.6.5.2.2.1, 
Unobstructed construction (definition) .................. 3.7.2, A.3.7.2 A.8.7.5.2.2.1, A.8.9.5.2.2.1 
Unstable piles neri oroe a a dengna nada Fig. 15.2.22.15.2.1 Vertical shafts .... 8.15.2, 8.15.4, 8.15.12.1.2, 11.2.3.1.4(4), A.8.15.2.2, 
DeEfinifiOb eseese nnan e A AND A.8.15.4, A.11.2.3.1.4(4) 
Upright sprinklers ...... 8.6, 12.6.2, 12.6.3, A.8.6.2.2.1 to A.8.6.7.2(4) Building service CHUteS ., socsccnanersgeraderticesavedsense sts 11.2.3.4.1 
Ceiling pockets ................55 8.6.7, 8.8.7, A.8.6.7.1, A.8.6.7.2(4), Gravity Chutes... sadisnisken agan 21.15.2.2, A.21.15.2.2 
A.8.8.7.1, A.8.8.7.2(4) Marine systemi S “ads gaheeriid demen end aa sean mesic 25.4.5 
Clearance to storage ..................... 8.6.6, 8.8.6, A.8.6.6, A.8.8.6 Mercantile occupancies ........... D.1.19.1,D.1.1,10.1, D.2.23.2.1, 
Compact Storage persaraan se esen Te EEEE an NN RN aa 20.6.3 D.2.24.2.1 
Concealed Spaces, I ossessi prins nepe E AAN KANG 8.6.4.1.4 Waste and linen chutes .........oio.ococo. 21.15.2.2, A.21.15.2.2 
Definisi AR in Una Rn near VOLO 
Deflector position ................4. 8.6.4, 8.8.4, 8.10.4.1, 8.12.4.1.4, W- 
8.12.4.1.5, A.8.6.4.1.2 (5) to A.8.6.4.1.3.3, : E 
A.8.8.4.1.1.4(A), A.8.8.4.1.3 Walkways, sprinklers under ................ on 14.5 
Elevator hoistways ..........oooooo 8.15.5.4, A.8.15.5.4 Walls 
Extended coverage .........JJ... 8.8, A.8.8.2.1 to A.8.8.7.2(4) COMMON woe eee sees eee eee eee nent eee teens 8.2.4 
Hangers, clearance tO: ass sssciacs seins wae innen A n aik 9.2.3.3 Deflector distance FLOM woes sees sees ee ee eee ee eter banana 8.7.4.1.2 
Installation ....... 7.2.2(1), 7.3.2.5(1), 7.4.2.4(1), 8.3.1.3, A.8.3.1.3 Distance from sprinklers 8.5.3.2, 8.5.3.3, 8.6.3.2, 8.6.3.3, 
Obstructions to discharge ................. 8.6.4.1.2, 8.6.4.1.5, 8.6.5, 8.7.3.2, 8.7.3.3, 8.8.3.2, 8.8.3.3, 8.9.3.2, 8.9.3.3, 8.9.4.1.2, 
8.8.5, 8.10.6, A.8.6.4.1.2(5), A.8.6.5.1.2 to A.8.6.5.3, 8.10.3.2, 8.11.3.2, 8.11.3.3, 8.12.3.2, 8.12.3.3, A.8.6.3.2.3, 
A8.8.5.2.1.3 to A.8.8.5.3, A.8.10.6.2.1.3 to A.8.10.6.3 A8.6.3.2.4 
Palletized, solid pile, bin box, or shelf storage ......... Table 14.4.1 Pipe openings through, clearance for... 9.3.4, 4.9.3.4 
aa an aa Ra 8.4.1 Washers, underground joints ... 10.8.3.1.4, 10.8.3.4, 10.8.3.5, A.10.8.3.5 
Plastic pallets, protection of ............J.. 12.12.2.2(1) (c) Waste compactors pga ae E eae DETE aaa 21.15.2.4 
Protection areas ...... 8.6.2, 8.8.2, A.8.6.2.2.1, A.8.8.2.1, A.8.8.2.2.1 Waste handling systems ... 21.15, A.21.15.2.2, Fig. A.21.15.2.2(a) to (h) 
Protective caps and straps, removal of 8.3.1.5.3 Water additives ins tae Sea ale rR oan or CREED NN MOE A dle sence en an see Additives 
Roll paper storage... Table 19.1.2.3 Water-cooling towers ............ 21.21, A.21.21.1.1.1 to A.21.21.2.10.3 
Roof protection USC ..........eececeeceeeeeeeeeeeeeeeeeeeeenenes 7.8.8.6 Counterflow ............ Beats 2121111, 21.21.1.2.1, 21.21.2.1, 
Spacing Lem aneka 8.6.3, 8.8.3, A.8.6.3.2.3, A.8.6.3.2.4 A.21.21.2.1, Figs. A.21.21.2.1 (a) to (d) 
Terminals, piers, and wharves ..........JJ 21.23,2.1.2.1 Crossflow “oo. 21.21.1.1.2, 21.21.1.2.2, 21.21.1.2.3, 
Utility gas plants, LP-Gas at ...............ooooooocoocooo. 21.13 i Aa Figs. A.21.21.2.2(a) 
o 
Exposure/protecti Om. sdiobsess rinnuni teun E EEEE TE 21.21.1.6 
-V- Fam decks 1 ix0be otasini 21.21.1.2.1, 21.21.1.2.2, 21.21.1.3, 
Valve rooms cc onar pen Mec cccnse oe Ng as. 7.2.5.2, 7.3.1.8.2 21.21.1.4, 21.21.2.1.1, 21.21.2.2.1, 21.21.2.3, 21.21.2.4, 
Valves ...... 6.7, 8.16.1, A.6.7.4, A.8.16.1.1 to A.8.16.1.6; see also Check A.21.21.2.3 
valves; Control valves; Drain valves; Dry pipe valves; Minimum rate of application ..............0.:0 cece eee eee 21.21,1.2 
Indicating valves, Preaction valves, Pressure-reducing Types of systems .............. 21.21.1.1,A-21:21.1.1.1,A.21.21:1.12 
valves Water supply ........... 21.21.1.7, A.21.21.1.7.1.1 to A.21.21.1.7.2.2 
Accesgipility W........ Maesa: 8.1.2, 8.16.1.1.7, A.8.1.2, A.8.16.1.1.7 "Water: CUFtAInS “ie oom AR un ena Benoa NUN UR 11.3.3 
Alarm By, PI en ccc eee eeeennens 8.17.1.2, 8.17.1.3, 8.17.2.4.2(1) Water demand ....... 11.1.4, 11.2.1.1, A.11.1.4.1, A.11.1.4.2, A.11.2.1.1 
AntifgeeAg SySte ML...” 7.6.3, A.7.6.3.1 to A.7.6.3.6 Water demand reguirements ............. 11.2.1.1, 11.2.3.2, 22.4.4.5.5, 
Backflow prevention ............. 8.17.4.6.1, A.8.17.4.6.1 A.11.2.1.1, A.11.2.3.2.5, A.11.2.3.2.7, A.22.4.4.5.5; see also 
CDS CWI die cisicenntineane EE aE E ANDA SA 6.7.1.2 Density/area method; Hydraulically calculated water 
COMBINE! SYSTEMS. 4. sasiavesanncwaa aneka EEN EEE 7.4.3, A.7.4.3.2 demand flow rate; Water supplies 
Deli ge sinode a basa 8.17.1.3.1, 8.17.1.3.2, 24.2.3.3.1 Building and storage height ........ Jk 12.1.3.3 
Differential type. anne notes AN ena EA i 242.115 Ceiling sprinklers, rack storage ............... 16.2.1.3.1, 16.2.1.3.2, 
Equivalent pipe lengths: orori terio tas tot una el ng odes seas 22.4.3 16.3.1.1, 16.3.1.2, 17.3.1.1, A.16.2.1.3.1, A.16.2.1.3.2, 
Fire department CONNECHONS.; nassisrreiinnisr nimasi 8.17.2.5 A.16.3.1.1, A.17.3.1.1, C.9, C.12, C.14, C.15, C.23 
Gate. mane wonsindna nan bondan eta Rane NE n ieoa 6.7.1.3.1 Class E hypobaric facilities .................. 21.35.1.11, A.21.35.1.11 
Identification .......ooooc. 6.7.4, 7.7.1.5, 8.16.1.1.8, 8.16.1.4.3, Concealed spaces or under obstructions .................. 22 4.4.6.5 
25.2.6.3, A.6.7.4 Dry pipe systems... 7.2.3.6, 11.2.3.2.5, A.11.2.3.2.5 
ISOLAMON seron noiae NEEE EOE na Manusia 10.6.2 Hose'allowatide' ocsissasccsasysaces 11.1.6, A.11.1.6.2(3) to A.11.1.6.6 
Listed indicating valves: sins is ccisinissisesnideleasecennne’sing oarceelnias 6.7.1.3 In-rack sprinklers ................ 13.3.3, 16.2.4.3, 16.3.4.3, 17.2.4.3, 
Low-presstire blowoff' “new succes banana Manan 8.3.2.5(3) 17.3.4.3, 18.5.3, 22.8.2 to 22.8.4, C.18 
Marine systems ................. 25.2.6, 25.7.4.2, 25.8.3.1, A.25.2.6.1 Marine systems ................. 25.5.1.2, 25.5.2, 25.7.3.3, A.25.7.3.3 
Outside sprinklers ................... 7.8.2.2, 7.8.3.1, 7.8.4.1, 7.8.4.2, Metal/nonmetal mining and metal mineral processing 
A.7.8.4.2.1, A.7.8.4.2.3 facilities seye opere areen p Mn la aisha cee 21.40.1.1.2 
piii ne oesmn gan oss 8.16.1.1.6, 8.16.1.4, A.8.16.1.1.6, A.8.16.1.4.2 Palletized, solid pile, bin box, or shelf storage ............... 15.12, 
Pressure requirements dee EDAN RENA Na ees 6.7.1.1 16.2.1.3.1, 16.2.1.3.2, 16.2.1.3.3.1, 16.2.1.3.3.2, 16.2.4.3, 
Reconditioned cscs ccvavias menelan ema 6.1.2.1 16.3.1.1, 16.3.1.2, 16.3.4.3, 17.2.1.2, 17.2.4.3, 17.3.1.1, 
SEGWONA sanee n Ean EPERE EN 8.16.1.5, 8.16.2.4.3 17.3.1.4, 17.3.4.3, A.16.2.1.3.1, A.16.2.1.3.2, A.16.3.1.1, 
SUPETVISIOT 4.052 Ey DEEE 8.16.1. 1.2, A.8.16.1.1.2 A.17.3.1.1 
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13-414 INSTALLATION OF SPRINKLER SYSTEMS 
Pipe schedule method .................0.0000eeee eee 11.2.2, A.11.2.2.6 Treatment ccs casueces venus akunya 22.2, 23.1.5, A.22.2.1.1, A.23.1.5 
PreactiON: systems erni Arson reiia 11.2.3.2.5, A.11.2.3.2.5 Types an tuvakadman meme ates Mécaa dates 23.2, A.23.2.1 toA.23.2.3.3 
Rack storage systems 16.2.1.3.1, A.16.2.1.3.1:C.8, C.14 Water-cooling towers .. 21.21.1.7, A.21.21.1.7.1.1 toA.21.21.1.7.2.2 
Room design method ......... 11.2.3.3, A.11.2.3.3.1 Water CURTAINS se aan cade av cced Dee yan Babel na 11.3.3.3 
SOFAS Ey NE aan na Keran KAN Nana ab HN es ea sess 12.6.8 Waterworks, connections to ....... 23.1.8, 23.2.1, A.23.1.8, A.23.2.1 
Tires, rack storage OF seo oo ntuk asam nasa 18.5.3 Water temperature, closed-loop systems ........................ 7.7.1.3 
Water OLAH nemu e ETAETA R T E weed 11,3.3,3 Waterworks systems, connections to ........... 23.1.8, 23.2.1, A.23.1.8, 
Waterflow alarms/detection devices ....................... 6.9, 8.17.1, A.23.2.1 
25.4.12.2 to 25.4.12.5, A.6.9.2.4 to A.6.9.4, A.8.17.1, C.4 Welded pipe .................... 6.5.2, 10.8.1.2, A.6.5.2.2 to A.6.5.2.4.2 
Attachments Qualifications: erani rE EE EE CRETE RE es Maia oe 6.5.2.5 
Electrically operated o soeebssneneka nenas Een 6.9.4, A.6.9.4 Records aerer hacesson eere AA Hanana ERARE 6.5.2.6 
General anrec oonan iinn EREE Ona AG 6.9.3, A.6.9.3.2 Welding, oxygen-fuel gas systems for ................ 21.9 
Circulating closed-loop systems ...... on TAME Welding studs ..................... 9.1.3.9, 9.1.4.1, A.9.1.3.9.3, A.9.1.4.1 
DEAN ON NUN ON ia E ANN R EE ta asa Pia NU Wet barrel hydrants (definition) ................................ 3.8.2.1.6 
Drains dice canna sees noanadewesnuninesnstls me anna bean an i 6.9.5 Wet pipe sprinkler systems ......................5. 7.1, 12.4, 4.12.4, C.5 
Flow tests: asosiasi ev sni kanan saka 24.2.3.1, 24.3.1(3), 25.8.2 Baled cotton storage ...........cccce eee eee ence eee ees Table 20.4.2.1 
High-rise buildings ........ 8.17.1.6, A.8.17.1.6, D.1.1.2.1, D.2.2.1.1 CLEAN TOONS: Lana alan asal evinces 21.23.2.1, A.21.23.2.1 
Tn-rack sprinklers: «201 sedan awan ena alang maksa slices Connections ........ 8.16.1.1.3.5, 8.16.1.1.4.3, 12.8.5, A.8.16.1.1.3.5 
Local Anni carnage Control mode specific application (CMSA) sprinklers 
Mechanically operated .............. MASE GMAT: 01 Menit Mena Nanga aan 8.4.7.1, 8.4.7.3.3 
SUPELVISION 4 asus arinaa e comands Nan BN NB Cultural resource properties ............... 21.31.1.2.4 
Water-motor-operated devices D ENI ON, 2 enadu penata nana Bean bkan eter Kena Sebel O 
Water spray systems .......... Look Drainage cc. s.sicehesnokmavessidatios 8.16.2.2, 8.16.2.5.2, A.8.16.2.5.2.1 
Water supplies ............... 11.1.3, 11.1.5, 11.1.6, 11.2.3.2.1, 17.2.2.5, Dry sprinklers attached to ................. 8.4.9, A.8.4.9.1, A.8.4.9.2 
Chap. 23, A.11.1.5.2, A.11.1.5.3, A.11.1.6.2(3) to Early suppression fast-response sprinklers used in ........... 8.4.6.1 
A.11.1.6.6; see also Mains; Water demand requirements Fire department connections .............. 8.17.2.4.2(1), 8.17.5.2.1 
Aircraft engine test facilities ............ Jo 21.26.1.2 High bay records storage we 
Arrangement 23.1.6, A.23.1.6.2 HOS€ CONNECHHONS icc cise cndcsnseeccesed eee 8.17.5.1.4, A.8.17.5.1.4 
Baled cotton storage 20.4.1.1, 20.4.1.2 K-factors less than K 5.6 woo o.Wcoo# woo woo Woo... 
Capacity obok na EE atta 23.1.2, 23.2.3.2 Palletized, solid pile, bin box, or shelf storage ................ 14.3.3 
Ceiling sprinklers, rack storage .............. 16.2.1.3.5, A.16.2.1.3.5 Plastics display/storage, retail stores .................... 20.3, A.20.3 
Cellular nitrate film, rooms containing ...........J...... 21.7.1.2 Pressure GAUGES prossun tearainte Er NESER EE 7.11 
Concealed spaces, sprinklers in .............J. 11.3.4.3 Quick-response sprinklers used in... 11.2.3.2.3.1(1) 
Corrosive properties, protection from ...... 8.16.4.2.2, A.8.16.4.2.2 Relief Valves: 15an AE NG BN evacuees 71.2 
Definition aan 25.1.3(13) Residential sprinklers used in... 8.4.5.2 
Domestic, connections to 21.4.1.4, B.1 Roll paper storage .......... 19.1.1.4, Table 19.1.2.2, Table 19.1.2.3 
Electric generating plants and high-voltage direct current Slatted shelves, rack storage .................. 16.2.5.1.2, 17.2.5.1.2 
converter stations .......ccecccceeeeee A.21.29.1, A.21.29.2 Spray application areas wa. enabava pesenan nan sana aan 21.4.1.7 
Hydroelectric generating plants A.21.30.1, A.21.30.2 Test CONNECHIONS Wee 8.17.4.2, A.8.17.4.2 
Liquefied natural gas (LNG), production, storage, and handling Water-cooling towers Lock 21.21.1.1.1, 21.21.1.7.2, 
Of vissaxecessaned en N E saman 21.13.1 A.21.21.1.7.2.1,A.21.21.1.7.2.2 
LP-Gas at utility gas plants ...............ooooooo 21.121. Waterflow detecting devices ............... 6.9.2.1, 6.9.2.4, A.6.9.2.4 
Marine Wen... 25.7, A.25.7.2.7 to A.25.7.4.6 Wharyes ... 0. eee eee eee eee aan 21.23 
Definition Wo Mm Ma occcccccucvves 3.10.10 Window protection ................. ccc ccc eee e eet e nee ee ene eens 7.8.8.4 
Metal/nonmetal mining and metal mineral processing AUTUMS a.n D.1.1.1.1, D.2.1.2.1 
facilities 5 coo occ oc once cccecncncnccccuce 21.37.1.1 Marine Systems Waseso enam 25.4.3, 25.5.2, 25.6.2, A.25.5.2 
eee Cnn, REM, Woro NAURA 93.1.7, 4.23.1.7 Show windows, sprinklers under .........o.oooo. 8.3.2.5(6) 
Multiple hazard classifications, systems with ........ 12.7.2, A.12.7.2 Skylights ...... dn An ya 8.5.7 
Nuclear power plants ................ 21.27.1.1, 21.27.2.1.2, 21.28.1, Wood, fasteners in. «on dan anon menenun mek son 9.1.5 
A.21.27.1.1, A.21.27.2.1.2 Wood joist construction ...................see also Bar joist construction 
Number of supplies ............o..oooocooo 23.1.1 Composite wood joist construction ........... 8.15.1.4 
@ctupaney classifications ........ooocoooooooooo 11.2:1.2.1 Definition... cone senen A37 
Outside sprinklers ...........oooooo 7.8.2, 11.3.2.2 Concealed spaces of ... vittteteeeeeeeteees 8.6.4.1.4, 11.2.3.1.4(4) (d), 
Palletized, solid pile, bin box, or shelf storage ........ Table 14.3.1, 11.2.3.1.4(4) (i), 11.2.3.1.4(4) (j), 11.3.4, 12.9.2(4), 
14.3.5, Table 14.4.1, 15.1.1, Table 15.3.1, Table 15.4.1, 12.9.2(9), 12.9.2(10), A.11.2.3.1.4(4) (d), 
C8 A.11.2.3.1.4(4) (j), A.12.9.2(4), A.12.9.2(10) 
Class I to IV commodities ......... 14.1.3, 14.1.4, 14.2.2, 4.14.1.3 Control mode specific application (CMSA) sprinklers ...... 14.3.4, 
Plastic and rubber commodities .......... Jk 15.3.4 0 15.3.3, 16.2.2.4, 16.3.2.4, 172241 
Pendent sprinklers, return bend requirement ............ 8.15.18.1 Definition ........... danese Man E nat A3.7.1 
Private fire service mains ...............! see Private fire service mains Double joist obstructions to sprinklers ............... 8.6.4.1.5 
Pyroxylin plastic, storage Of... 21.8.1.1, 21.8.1.2 Piers/wharves sprinkler installation ................... 21.22.2.1.2.1 
Rack storage systeMS ................ eee eee ee eee 16.2.1.1, 16.2.1.3.5, Wood pallets Manan aan 5.6.2.1, 5.6.3.11) 
Table 16.2.1.3.5, Table 16.2.2.1, 16.2.2.5, Table 16.2.3.1, Definition ........ Daan aan nana 3.9. L27 
16.3.1.3, 17.2.1.3, Table 17.2.2.1, Table 17.2.3.1, Wood truss construction see Trusses 
17.3.1.3, A.16.2.1.3.5, A.17.2.1.3 Working plans ...........6:.ccceseveeeenene rence seeeneaeeanees 22.1, A.22.1 
Residential sprinklers ..............0ececeeeeeeneneeeeeeeeeeeees 11.3.1.6 Worksheets, hydraulic calculations Seles seems la 22.3.3, A.22.3.3, 
Roll paper storage veces sgh. cness setdacesaaenncees 19.1.1.1 to 19.1.1.3 „Fig. A.22.3.3, Fig. A.22.3.3(15) 
Rubber tite storage 4.01 lannsse barak ena naa 18.2.5, 18.3 Wrench, sprinkler ...........W...co ee 6.2.9.6, A.6.2.9.6 
Spray application areas ........... 214.13, 21. 4.1.4 
Storage, requirements for ................0.065 12.7.1 to 12.7.6, 12.8, -Y- 
A.12.7.2, A.12.8.1, A.12.8.2 Yard mains. csesjsiserds san 12.8.3, 21.30.1.2, A.21.29.1, A.21.29.2 
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Formal Interpretation 


NFPA 13 


Installation of Sprinkler Systems 


2010 Edition 


Reference: 8.15.9 
F.I. No.: 13-99-2 


Background: Section 8-5.6 states that the clearance between the sprinkler deflector and the top of 
storage shall be 18 in. (457 mm) or greater. Section 8.15.9 provides guidance on sprinkler protection 
of library stacks. This guidance allows floor to ceiling bookshelves and requires sprinklers to be 
installed in every aisle with a distance between sprinklers along aisles not to exceed 12 ft (3.6 m). 


Question: Is it acceptable to apply the principles of NFPA 13, 8.15.9 to the storage of Medical Records 
on fixed open bookshelves, thereby allowing the tops of the bookshelves used for this purpose to 
come within less than 18 inches of the horizontal plane of the sprinkler deflector with sprinklers 
installed in every aisle? 


Answer: Yes. 


Issue Edition: 1999 

Reference: 5-13.10 

Issue Date: January 3, 2002 
Effective Date: January 23, 2002 
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Formal Interpretation 


NFPA 13 


Installation of Sprinkler Systems 
2010 Edition 


Reference: 11.2.3.1.8(1) and 11.2.3.2.3.1 
F.I. No.: 13-02-1 


Question No. 1: Is it the intent of 11.2.3.2.3.1 to permit the system area of operation to be reduced 
below the limits of Figure 11.2.3.1.1 (e.g., less than 1500 sq ft)? 


Answer: Yes 


Question No. 2: If the Answer to Question No. 1 is yes, is the intent to allow the density to be less than 
the limits of Figure 11.2.3.1.1 (e.g., less than 0.1 gpm/sq ft for Light Hazard) as long as the point was 
legitimately picked from the density/area curve and appropriately reduced per 11.2.3.2.3? 


Answer: No 


Question No. 3: Is it the intent of Section 11.2.3.1.4(1) to require the densities for 1500 sq ft for 
all applications, including when Section 11.2.3.2.3.1 is applied, when the final area of sprinkler 
operation is less than 1500 sq ft? 


Answer: Yes 


Issue Edition: 2002 

Reference: 11.2.3.1.8.1 (1) and 11.2.3.2.3.1 
Issue Date: March 9, 2004 

Effective Date: March 29, 2004 
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Formal Interpretation 


NFPA 13 


Installation of Sprinkler Systems 
2010 Edition 


Reference: 17.3.4.1.4 
F.I. No.: 13-02-2 


Question No. 1: Are the dimensions in Figure 17.3.4.1.4 intended to be the only acceptable 
combination of rack height, clearance, flue space width, rack length and rack width? 


Answer: No 


Question No. 2: Are other situations not shown on the figure, such as double row racks with a width 
of 9 % ft (4 ft loads with 6 inch longitudinal flue), a height other than 54 ft and a length greater than 
24 ft allowed as long as they comply with the other rules of NFPA 13? 


Answer: Yes 


Issue Edition: 2002 

Reference: 12.3.5.4.1.4 

Issue Date: July 16, 2004 
Effective Date: August 4, 2004 
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Formal Interpretation 


NFPA 13 


Installation of Sprinkler Systems 


2010 Edition 


Reference: 22.4.4.8 
EI. No.: 13-02-3 


Question No. 1: Can residential sprinklers of different orifice sizes be used within a compartment 
provided they have different directional discharge characteristics (i.e. pendent vs. sidewall)? 
Answer: Yes. 


Question No. 2: Can residential sprinklers of different orifice sizes be used within a compartment provided they 
have different thread sizes such that replacement cannot be confused? 


Answer: Yes. 


Question No. 3: Can residential sprinklers of different orifice sizes be used within a compartment without regard 
to discharge characteristics, thread sizes, or maximum protection areas? 


Answer: No. 


Issue Edition: 2002 

Reference: 8.4.4.6 

Issue Date: September 9, 2005 
Effective Date: September 29, 2005 
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Tentative Interim Amendment 


NFPA 13 


Standard for the Installation of Sprinkler Systems 


2010 Edition 


Reference: 3.4.1.1 Premixed Antifreeze Solution, 7.6.1.5, 7.6.2, and A.7.6 
TIA 10-2 
(SC 11-3-3/TIA Log #1015) 


Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire Protection Association has issued 
the following Tentative Interim Amendment to NFPA 13, Standard for the Installation of Sprinkler Systems, 2010 edition. The TIA 
was processed by the Technical Committee on Sprinkler System Installation Criteria and the Technical Correlating Committee on 
Automatic Sprinkler Systems, and was issued by the Standards Council on March 1, 2011, with an effective date of March 21, 2011. 


A Tentative Interim Amendment is tentative because it has not been processed through the entire standards-making procedures. It is 
interim because it is effective only between editions of the standard. A TIA automatically becomes a proposal of the proponent for the 
next edition of the standard; as such, it then is subject to all of the procedures of the standards-making process. 


1. Add a new definition as 3.4.1.1 to read as follows: 


3.4.1.1 Premixed Antifreeze Solution. A mixture of an antifreeze material with water that is prepared by the manufacturer with a quality 
control procedure in place that ensures that the antifreeze solution remains homogeneous. 


2. Remove the new section 7.6.1 that was added by issuance of TIA No. 10-1 (Log #1000) and renumber sections. 
3. Revise 7.6.1.5 to read as follows: 


7.6.1.5 A placard shall be placed on the antifreeze system main valve that indicates the manufacture type and brand of the antifreeze 
solution, the concentration by volume of the antifreeze solution used, and the volume of the antifreeze solution used in the system. 


4. Revise 7.6.2.1 to read as follows: 

7.6.2.1* Antifreeze solutions shall be limited to premixed antifreeze solutions of glycerin (chemically pure or United States 
Pharmacopoeia 96.5%) at a maximum concentration of 48% by volume, or propylene glycol at a maximum concentration of 38% by 
volume. 


5. Add a new 7.6.2.1.1 to read: 


7.6.2.1.1 Premixed antifreeze solutions of propylene glycol exceeding 40% concentration by volume shall be permitted for use with 
ESFR sprinklers where the ESFR sprinklers are listed for such use in a specific application. 


6. Add new 7.6.2.1.2 to read as follows: 


7.6.2.1.2 Premixed antifreeze solutions other than those described in 7.6.2.1 that are listed for use in sprinkler systems shall be 
permitted to be used. 


7. Add a new 7.6.2.1.3 to read as follows: 
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7.6.2.1.3 All premixed antifreeze solutions shall be provided with a certificate from the manufacturer indicating the type of antifreeze, 
concentration by volume, and freezing point. 


8. Delete current Table 7.6.2.2 and replace it with the following table in the annex renumbered as Table A.7.6.2.1 
A.7.6.2.1 See Table A.7.6.2.1. 


Table A.7.6.2.1 Properties of Glycerin and Propylene Glycol 


Material i as ee Gea, at = Freezing Point z 
Au U.S.P. 0% ian : 
5 1.014 31 -0.5 
10 1.029 28 22 
15 1.043 25 3.9 
20 1.059 20 6.7 
25 1.071 16 89 
30 1.087 10 -12 
35 1.100 4 -15.5 
40 1.114 -2 19 
45 1.130 -11 -24 
50% 1.141 -19 -28 
[  Propylenegyc | n T o dT a‘ T ‘y 
5 1.004 26 3 
10 1.008 25 4 
15 1.012 29 6 
VI —20 016 oo | S E  — 
25 1.020 15 -10 
30 1.024 11 -12 
35 1.028 2 47 
40 1.032 6 21 


C.P.: Chemically Pure; U.S.P.: United States Pharmacopoeia 96.5%. 

8. Delete 7.6.2.3 and Table 7.6.2.3. 

9. Revise 7.6.2.4 to read as follows: 

7.6.2.4 A premix antifreeze solution with a freezing point below the expected minimum temperature for the locality shall be provided. 
10. Delete existing 7.6.2.5 as well as the Figures 7.6.2.5(a), 7.6.2.5(b), and 7.6.2.5(c) and Annex A.7.6.2.5. 

11. Delete 7.6.2.6. 

12. Add an asterisk to Section 7.6 and a new Annex A.7.6 to read as follows: 

A.7.6 In cold climates and areas where the potential for freezing of pipes is a concern, options other than antifreeze are available. 
Such options include installing the pipe in warm spaces, tenting insulation over the piping (as illustrated in NFPA 13D), listed heat 


tracing, and the use of dry pipe systems and preaction systems. 


13. In A.7.6.2, delete the second paragraph. 


Posted by Public.Resource.Org. Not affiliated with NFPA 


A.7.6.2 Listed CPVC sprinkler pipe and fittings should be protected from freezing with glycerine only. The use of diethylene, 
ethylene, or propylene glycols is specifically prohibited. Laboratory testing shows that glycol-based antifreeze solutions present a 
chemical environment detrimental to CPVC. 


14. Delete existing A.7.6.2.4 and Figure A.7.6.2.4. 


Issue Date: March 1, 2011 


Effective Date: March 21, 2011 


(Note: For further information on NFPA Codes and Standards, please see www.nfpa.org/codelist) 


Copyright © 2011 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 


Posted by Public.Resource.Org. Not affiliated with NFPA 


Tentative Interim Amendment 


NFPA 13 


Standard for the Installation of Sprinkler Systems 


2010 Edition 
Reference: 7.6.1 
TIA 10-1 
(SC 10-8-16/TIA Log #1000) 
Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire Protection Association has issued 
the following Tentative Interim Amendment to NFPA 13, Standard for the Installation of Sprinkler Systems, 2010 edition. The TIA 
was processed by the Technical Committee on Sprinkler System Installation Criteria and the Technical Correlating Committee on 
Automatic Sprinkler Systems, and was issued by the Standards Council on August 5, 2010, with an effective date of August 25, 2010. 
A Tentative Interim Amendment is tentative because it has not been processed through the entire standards-making procedures. It is 
interim because it is effective only between editions of the standard. A TIA automatically becomes a proposal of the proponent for the 
next edition of the standard; as such, it then is subject to all of the procedures of the standards-making process. 
1. Add a new section 7.6.1 as follows: 
7.6.1 Dwelling Units. Antifreeze shall not be permitted to be used within the dwelling unit portions of sprinkler systems. 


2. Renumber the remainder of the section accordingly. 


Issue Date: August 5, 2010 


Effective Date: August 25, 2010 


(Note: For further information on NFPA Codes and Standards, please see www.nfpa.org/codelist) 


Copyright © 2010 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 
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Seguence of Events Leading to Issuance 
of an NFPA Committee Document 


Step 1: Call for Proposals 


“Proposed new Document or new edition of an existing 
Document is entered into one of two yearly revision cy- 
cles, and a Call for Proposals is published. 


Step 2: Report on Proposals (ROP) 


“Committee meets to act on Proposals, to develop its own 
Proposals, and to prepare its Report. 

“Committee votes by written ballot on Proposals. If two- 
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

“Report on Proposals (ROP) is published for public re- 
view and comment. 


Step 3: Report on Comments (ROC) 


“Committee meets to act on Public Comments to develop 
its own Comments, and to prepare its report. 

“Committee votes by written ballot on Comments. If two- 
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

“Report on Comments (ROC) is published for public re- 
view. 


Step 4: Technical Report Session 


°“Notices of intent to make a motion” are filed, are reviewed, 
and valid motions are certified for presentation at the 
Technical Report Session. (“Consent Documents” that 
have no certified motions bypass the Technical Report 
Session and proceed to the Standards Council for issu- 
ance.) 

*NFPA membership meets each June at the Annual Meet- 
ing Technical Report Session and acts on Technical 
Committee Reports (ROP and ROC) for Documents 
with “certified amending motions.” 

*Committee(s) vote on any amendments to Report ap- 
proved at NFPA Annual Membership Meeting. 


Step 5: Standards Council Issuance 


*Notification of intent to file an appeal to the Standards 
Council on Association action must be filed within 20 
days of the NFPA Annual Membership Meeting. 

*Standards Council decides, based on all evidence, 
whether or not to issue Document or to take other ac- 
tion, including hearing any appeals. 


Committee Membership Classifications 


The following classifications apply to Technical Commit- 
tee members and represent their principal interest in the 
activity of the committee. 


M Manufacturer: A representative of a maker or mar- 
keter of a product, assembly, or system, or portion 
thereof, that is affected by the standard. 

U User: A representative of an entity that is subject to 

the provisions of the standard or that voluntarily 

uses the standard. 

Installer/Maintainer: A representative of an entity 

that is in the business of installing or maintaining 

a product, assembly, or system affected by the stan- 

dard. 

L Labor: A labor representative or employee con- 

cerned with safety in the workplace. 

Applied Research/Testing Laboratory: A representative 

of an independent testing laboratory or indepen- 

dent applied research organization that promul- 
gates and/or enforces standards. 

E Enforcing Authority: A representative of an agency 
or an organization that promulgates and/or en- 
forces standards. 


I/M 


R/T 


I Insurance: A representative of an insurance com- 
pany, broker, agent, bureau, or inspection agency. 
C Consumer: A person who is, or represents, the ul- 


timate purchaser of a product, system, or service 
affected by the standard, but who is not included 
in the User classification. 

SE Special Expert: A person not representing any of 
the previous classifications, but who has a special 
expertise in the scope of the standard or portion 
thereof. 


NOTES; 

1. “Standard” connotes code, standard, recommended 
practice, or guide. 

2. A representative includes an employee. 

3. While these classifications will be used by the Standards 
Council to achieve a balance for Technical Committees, 
the Standards Council may determine that new classifi- 
cations of members or unique interests need representa- 
tion in order to foster the best possible committee delib- 
erations on any project. In this connection, the Standards 
Council may make appointments as it deems appropriate 
in the public interest, such as the classification of “Utili- 
ties” in the National Electrical Code Committee. 

4. Representatives of subsidiaries of any group are gener- 
ally considered to have the same classification as the par- 
ent organization. 
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NFPA Document Proposal Form 


NOTE: All Proposals must be received by 5:00 pm EST/EDST on the published Proposal Closing Date. 


FOR OFFICE USE ONLY 
For further information on the standards-making process, please contact the Codes VEOFEICE USBQ 


and Standards Administration at 617-984-7249 or visit www.nfpa.org/codes. Log #: 


For technical assistance, please call NFPA at 1-800-344-3555. Date Rec’d: 


Please indicate in which format you wish to receive your ROP/ROC [] electronic [I paper Xx download 
(Note: If choosing the download option, you must view the ROP/ROC from our website; no copy will be sent to you.) 


Date April 1, 200X Name John J. Doe Tel. No. 716-555-1234 
Company Air Canada Pilot's Association Email 
Street Address 123 Summer Street Lane City Lewiston State NY Zip 14092 


***If you wish to receive a hard copy, a street address MUST be provided. Deliveries cannot be made to PO boxes. 

Please indicate organization represented (if any) 

1. (a) NFPA Document Title National Fuel Gas Code NFPA No. & Year 54, 200X Edition 
(b) Section/Paragraph 3.3 


2. Proposal Recommends (check one): [ ] new text xl revised text CJ deleted text 


3. Proposal (include proposed new or revised wording, or identification of wording to be deleted): (Note: Proposed text should 
be in legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote wording to 


be deleted (deleted wording). ] 


Revise definition of effective ground-fault current path to read: 


3.3.78 Effective Ground-Fault Current Path. An intentionally constructed, permanent, low impedance electrically conductive path 
designed and intended to carry underground electric fault current cenditiens from the point of a ground fault on a wiring system to the 
electrical supply source. 


4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that would be resolved by your 
recommendation; give the specific reason for your Proposal, including copies of tests, research papers, fire experience, etc. If more 
than 200 words, it may be abstracted for publication.) 


Change uses proper electrical terms. 


5. Copyright Assignment 
(a) L] I am the author of the text or other material (such as illustrations, graphs) proposed in the Proposal. 
(b) IX) Some or all of the text or other material proposed in this Proposal was not authored by me. Its source is as 
follows: (please identify which material and provide complete information on its source) 


ABC Co. 


| hereby grant and assign to the NFPA all and full rights in copyright in this Proposal and understand that | acquire no rights in any publication of NFPA 
in which this Proposal in this or another similar or analogous form is used. Except to the extent that | do not have authority to make an assignment in 
materials that | have identified in (b) above, | hereby warrant that | am the author of this Proposal and that | have full power and authority to enter into 
this assignment. 


Signature (Required) 
PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 
Mail to: Secretary, Standards Council - National Fire Protection Association 


1 Batterymarch Park - Quincy, MA 02169-7471 OR 
Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 


6/11/2009 
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NFPA Document Proposal Form 


NOTE: All Proposals must be received by 5:00 pm EST/EDST on the published Proposal Closing Date. 


FOR OFFICE USE ONLY 
For further information on the standards-making process, please contact the Codes OM CEICE USES 


and Standards Administration at 617-984-7249 or visit www.nfpa.org/codes. Log #: 


For technical assistance, please call NFPA at 1-800-344-3555. Date Rec’d: 


Please indicate in which format you wish to receive your ROP/ROC CJ electronic CJ) paper CJ download 
(Note: If choosing the download option, you must view the ROP/ROC from our website: no copy will be sent to you.) 


Date Name Tel. No. 
Company Email 
Street Address City State Zip 


***If you wish to receive a hard copy, a street address MUST be provided. Deliveries cannot be made to PO boxes. 
Please indicate organization represented (if any) 


1. (a) NFPA Document Title NFPA No. & Year 
(b) Section/Paragraph 
2. Proposal Recommends (check one): C] new text C] revised text C] deleted text 


3. Proposal (include proposed new or revised wording, or identification of wording to be deleted): [Note: Proposed text should 
be in legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote wording to 


be deleted (deleted-werdina).| 


4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that would be resolved by your 
recommendation; give the specific reason for your Proposal, including copies of tests, research papers, fire experience, etc. If more 
than 200 words, it may be abstracted for publication.) 


5. Copyright Assignment 
(a) L] I am the author of the text or other material (such as illustrations, graphs) proposed in the Proposal. 


(b) L] Some or all of the text or other material proposed in this Proposal was not authored by me. Its source is as 
follows: (please identify which material and provide complete information on its source) 


I hereby grant and assign to the NFPA all and full rights in copyright in this Proposal and understand that I acquire no rights in any publication of NFPA 
in which this Proposal in this or another similar or analogous form is used. Except to the extent that I do not have authority to make an assignment in 
materials that | have identified in (b) above, | hereby warrant that | am the author of this Proposal and that I have full power and authority to enter into 
this assignment. 


Signature (Required) 
PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 


Mail to: Secretary, Standards Council - National Fire Protection Association 
1 Batterymarch Park - Quincy, MA 02169-7471 OR 
Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 


6/11/2009 


